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introduction

This Field Sampling and Analysis Plan (FSAP) has been prepared for the supplemental
field investigation of Operable Unit 7 (OU-7) of the Avtex Fibers Superfund site (Avtex
site), as described in Section 6 of the Feasibility Study (FS) Work Plan; Exponent 2000).
Operable Unit 7 includes viscose basins 9, 10, and 11, site groundwater, and surface
water, as defined in the Consent Decree between the U.S. Environmental Protection
Agency Region I (EPA) and FMC Corporation (FMC; U.S. EPA 199%a). The site
background is detailed in Section 2 of the FS Work Plan—including a site description: an
overview of historical operations at the site; a summary of the site’s regulatory and
environmental history; and a discussion of the climate, hydrology, and surface-water
hydrology at the site. This FSAP covers the collection and analysis of groundwater
samples from 16 monitoring wells identified as the monitoring well network for viscose
basins 1-8 and the new landfill (OT-10).

This field investigation is being conducted to fill the data gaps identified in Section 5 of
the FS Work Plan for OU-7. Four primary activities will be performed during the
supplemental field investigation: 1) groundwater monitoring well and temporary
wellpoint installation, 2) sampling of aqueous and solid media, 3) collection of synoplic
water-level measurements, and 4) field testing. These activities will be conducted in two
phases, as discussed in Section 6 (surmmarized in Table 6-1} of the FS work plan. The
Phase I investigation will focus on characterization of site groundwater, and will include:

¢ Installation of groundwater monitoring wells

» Installation of Geoprobe® temporary wellpoints

» Groundwater sampling of existing and proposed wells/wellpoints
o Performance of a well survey.

The second phase of the field investigation will focus on the chemistry and hydrology of
viscose basins 9, 10, and 11, and will include;

o Installation of boreholes and temporary wellpoints in viscose basing 9,
10, and 11 vsing a hollow-stem auger drill rig

o Installation of overburden temporary wellpoints adjacent to viscose
basins 9, 10, and 11 using a hollow-stem auger drill rig

o Infiltration-rate testing on the surface of viscose basins 9, 10, and 11

o  Single-well pumping tests in overburden and waste viscose temporary
wellpoints

L.Ya :
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» Site-wide measurement of groundwater levels
» Geologic mapping

o Collection of waste viscose samples and laboratory testing of these
raterials

o Collection of pore-water samples from temporary wellpoints in viscose
basins 9, 10, and 11

o Installation of deep bedrock monitoring well 343, if necessary (see
Section 3.4.4).

This FSAP presents the monitoring well and wellpoint locations and installation
techniques, the sampling locations and procedures for aqueous and solid media, the field
and laboratory testing procedures, and the analytical methods that will be used during the
investigation. All field work and laboratory work will be conducted per the Qualiry
Assurance Project Plan ((QAPP) Supplement for the Remedial Investigation/Feasibility
Study, Avtex Fibers Site, Front Royal, Virginia (ERM 1999), the Site-wide Health and
Safety Plan (HASP), Avtex Fibers Superfund Site, Front Royal, Virginia (FM(C 1999},
and the HASP addendum for implementing this FSAP (Attachment A-1), unless
otherwise specified in this document,
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2. Objectives

Detailed sampling objectives for the supplemental field investigation are presented in
Sections 5 and 6 of the FS Work FPlan. The following is a general summary of the
objectives for each of the primary activities to be performed during the investigation,
including the data quality ebjectives,

2.1 Groundwater Monitoring Well and Temporary Wellpoint Installation

A total of 8 or 9 groundwater monitoring wells, 14 G:eol]_:nrohe“ﬁ) temporary wellpoints, and
14 viscose basin and overburden temporary wellpoints will be installed during the
supplemental field investigation. The groundwater monitoring wells and Ge:uopr'o-lz'e@'
wellpoints will be installed to meet the following objectives:

» Characterize potential sources of groundwater contaminants in the
plant area

o Characterize groundwater quality downstrike of viscose basins -8
and the new landfill.

o Provide additional background water quality data
¢ Characterize the downstrike extent of the plume.

The viscose basin and overburden temporary wellpoints will be installed to meet the
following objectives:

e Provide water levels within the basins and in the overburden adjacent
to viscose basins 9, 10, and 11

e Characterize pore water within viscose basins 9, 10, and 11

e Provide estimates of horizontal hydraulic conductivity in the waste
viscose in the basing

e Improve estimates of horizontal hydraulic conductivity in the
overburden

o Collect samples of viscose basin pore water for laboratory
expertments.

Vet " N a2 p b el ol \d'
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2.2 Sampling Aqueous and Solid Media

The supplemental field investigation will include collection of samples of
groundwater/pore water and viscose basin solids. A total of 75 groundwater ronitoring
wells, 14 Ge()pri:n.“bue:® temporary wellpoints, and 9 viscose basin temporary wellpoints will
be sampled during the supplemental field investigation. These efforts will provide data to
meet the following objectives:

Characterize potential sources of groundwater contaminants in the
plant area

Characterize pore water from viscose basing 9, 10, and 11
Provide additional background water quality data

Characterize groundwater quality downstrike of viscose basins 1-8
and the new landfill.

Determine the current spatial extent and magnitude of groundwater
contamination

Characterize the downstrike extent of the plume
Collect samples of groundwater for laboratory experiments

Quantify parameters that will affect the transport and fate of site
chermicals (e.g., density of the DAPL)

Quantify parameters to evaluate the feasibility of various remediation
technologies (e.g., identify chemicals that could cause well fouling).

Samples of waste viscose and of the overburden matenal underlying the basins will be
collected from viscose basins 9, 10, and 11 to provide data to meet the following
objectives:

~3

o Characterize hydrologic parameters for use in estirmnating recharge
rates to the viscose basins
o Obtain data to improve the understanding of the vertical hydraulic
conductivity of the waste viscose and overburden
o (Obtain data to evaluate the potential for compaction (i.e., settling) and
release of pore water from the waste viscose that may result from
placement of an engineered cap over the viscose basins
» Characterize the concentrations of site chemicals currently within the
waste viscose material that could be released to groundwater
o Collect samples for use in faboratory treatability tests to evaluate the
efficacy of chemical oxidation, vermiculture, and direct electrical
4
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resistance heating (ERH) treatment technologies, as well as the use of
physical and chemical techniques to improve waste viscose handling
characteristics.

2.3 Field Tests

Two field tests will be performed during the supplemental field investigation:
infiltrometer tests and single-well pumping tests. These tests will provide data to meet
the following objectives:

o Provide estimates of horizontal hydraulic conductivity in the waste
viscose of the basins

o Improve estimates of horizontal hydraulic conductivity in the
overburden adjacent to viscose basing 9, 10, and 11

»  Characterize hydrologic parameters for use in estimating recharge
rates to the viscose basins.

2.4 Data Quality

Data quality objectives {DQOs) are qualitative and quantitative statements, established
prior to data cotlection, that specify the quality of data required to support project-
specific activities. General [XQ0Os for the supplemental field investigation sampling
activities are sammarized in Sections 2.1 through 2.3, above. These sampling objectives
identify the type and quantity of data to be collected, the conditions under which the data
will be collected, and the intended end uses of the data. The data generated during this
supplemental field investigation, along with historical data, will be used to determine the
extent of contamination as well as make remedial decisions. As required by the site-wide
QAPP (ERM 1999), critical data quality indicators (DQIs) were developed for the
supplemental field investigation. These quantitative DQIs are summarized in Section 7.2
and in Tables A-8 through A-15 for this phase of the investigation.

Five analytical levels, identified as Target Analytical Options 1 through V (ERM 1999)
have been identified in previous FSAPs for site activities. These Target Analytical
Options are 1dentified as:

e Target Analytical Option I - Field screening using screening Kits or
portable field instruments. Results are often not compound specitic or
quantitative.

e Target Analytical Option If — Field screening using more sophisticated
portable instruments, including mobile onsite laboratories.

'houider \oatalgroups\productions\8600a2C.202 04CT fni ﬂ ﬁr '3’ []' || l: [l ™
ryffsaplisap july final doe J L :’ \..'



o Target Analytical Option Il ~ Analyses performed in an offsite
analytical laboratory that may or may not use Contract Laboratory
Program (CLP) analytical procedures. Complete documentation
packages are not generated by the laboratory for Option II1.

o Target Analytical Option IV - Routine analytical services where all
analyses are performed in offsite analytical laboratory following
SWE46 analytical protocols, Complete documentation packages as
specified in the CLP Statements of Work (SOWSs) are generated by the
analytical laboratory for Option IV. The data packages will include
the items specified in Appendix A of the U.S. EPA Region III
Superfund Data Validation Policy.

o Target Analytical Option V — Analyses by non-standard methods that
are performed by offsite analytical laboratories where method
development or method modification may be required for specific
constituents or detection limits.

The Target Analytical Options for the analyses conducted for the supplemental field
investigation are included in Tables A-8 and A-9 for the analyses that will be conducted
in offsite laboratories. Field parameters (temperature, pH, specific conductance,
turbidity, Eh, dissolved oxygen, and iron speciation) collected using field portable
instruments will be considered Target Analytical Option 1

As required by the QAPP, the analytical results generated during the supplemental field
investigation will be subject to data validation and assessment. The four data validation
levels identified in the QAP are as follows:

o TLevel 1 consists of 100-percent validation and assessment and includes
review, cross-checking, and recalculation of all values, and
qualification of results that do not meet the DQls.

o Level 2 consists of reviewing all reporting forms, calibrations, and QC
results. The raw data are inciuded in the laboratory data package to
allow the data validator to recalculate at least one sample for each
method of analysis (i.e., metals by ICP, arsenic by GFAA, etc.).
Qualifiers are applied to the data by the validator for results that do not
meet the DQIs.

o  Level 3 consists of reviewing all summary forms but does not include
areview of the raw data. Qualifiers are applied to the data by the
validator for results that do not meet DQIs.

o level 4 consists of reviewing the data summary forms for the samples
and the blanks. Qualifiers are applied to the data by the validator for
selected results that do not meet DQls.
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The data validation level for each of the analyses is listed in Tables A-8 and A-9. The
field parameter data will not be subject to validation. The analytical laboratories that
generate the data will be required to submit data packages that are sufficient to conduct
the designated level of validation (i.e., complete data packages with raw data for Level 2;
validation and summary forms only for Level 4). The data generated for the projeet will
be compared to the task-specific DQIs to assess the usability of the reported data.
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3.  Groundwater Monitoring Well and Temporary Wellpoint
Installation

This section addresses the specific procedures for drlling, ins talli ng, and developing
viscose basin and overburden temporary wellpoints, G eoprobe”™ temporary wellpoints,
overburden monitoring wells, and bedrock menitoring wells, as outlined in the FS work
ptan. All wells/temporary wellpoints will be constructed by a drilling company that holds
a registered contractor’s license in the State of Virginia.

3.1 Monitoring Well and Wellpoint Locations

A total of 8, and possibly 9, new groundwater-monitoring wells are proposed to address
data gaps in the existing site groundwater database. The locations of the proposed
monitoring wells are indicated in Figure A-1. Two overburden wells, five shallow
bedrock wells, und one intermediate bedrock well are proposed for Phase [ of the field
investigation. A ninth monitoring well (343) may also be completed in the deep bedrock
aquifer zone, depending on the review of a'nul'lytical data for offsite wells focaled west of
the Shenandoah River (as described in Section 6.2.1.4 of the FS Work Plan). These wells
will be sampled during the supplemental groundwater investigation (Section 4}, and
decision regarding installation of well 343, and the construction of this well, will be made
in conjunction with U.S. EPA. Installation of well 343, if necessary, will be exccuted
during Phase IT of the field investigation.

Fourteen Geoprobe® temporary wellpoints are propose: d for installation in the overburden
downgradient of the plant .ma during Phase 1 of the field investigation., The proposed
locations for the Ge nprobe temporary wellpoints are shown in Figure A-1. These
locations may be adjusted in the field based on site conditions and the need to
accommuodate limitations of field installation equipment and/or underground utility
locations. In the event that the locations of any temporary wellpoints are adjusted, the
actual locations will be recorded on a copy of Figure A-1 to aid sampling personnel
during subsequent sampling and water-level monitoring efforts

A total of 14 temporary wellpoints are proposed for installation at the Avtex site during
Phdcﬁ II of the field investigation using hollow-stem auger drilling techniques. Of these
14 temporary wellpoints, nine will be installed in viscose basins !“ Y, 10, and 11 (three per
basin), and five will be installed in the overburden adjacent to the basins. The
approximate locations of these temporary wellpoints are indicated in Figure A-2. These
locations may be adjusted in the field based on site conditions and the need to
accommodate limitations of field installation equipment. In the event that the locations
of any temporary wellpoints are adjusted, the actual locations will be recorded on a copy
of Figure A-2 1o aid sampling personnel during subsequent sampling and water-level
monitoring efforts.

9 A Hv ’i lr] , N Qe
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3.2 Subsurface Utilities Identification

Before drilling begins, an underground utility check will be performed by reviewing
available utility maps and plant photos, and through discussions with the FMC manager
of site remedial activities. Public utilities will be located by the utility agencies. A
private utility-locating company may also be used, if necessary.

3.3 Equipment Decontamination

Prior to drilling the boreholes for monitoring well or temporary wellpoint installation, all
drilling tools (e.g., augers, steel casing, and driil equipment) and well completion
materials will be decontaminated using a hot-water pressure washer. Other equipment
{e.g., water-level indicators) will be washed in a solution of Liguinox, rinsed with water,
and rinsed with deionized water before being placed n a borehole or well. Waste
materials (e.g., water and cuttings) will be contained and disposed of as described below
in Section 7.6,

3.4 Monitoring Well and Wellpoint Installation
This section describes the procedures that will be followed during the installation of
monitoring wells

341 G IE!IC)[]III'GI|L')(!!® Temporary Wellpoints

Borzholes will be created at each of approximately 14 [ocations in the overburden along
the western boundary of the plant area using a Geoprobe® rig. The boreholes will be
advanced to the overburden/bedrock contact. No soil sampling or logging will be
included in this scope of work. PID measurements of material being removed from the
boreholes will be taken and recorded in the field logbock. Groundwater samples will be
collected from the overburden by advancing a Geoprobe® borehole to the appropriate
depth, pulling the probe rods, and installing a prepacked Geoprobe® well screen. The
well screen will be placed immediately above the bedrock/overburden interface such that
the temporary wellpoint will be screened over the lower 5 ft of the overburden. One
groundwater sample will be collected from each borehole. Figure A-3 presents a
schematic of a Geoprobe® temporary wellpoint. Soil cores produced during the
Geopn::’bf:@’ wellpoint installation will be screened for organics using a photoionization

detector (PID).

On completion of each Geoprobe® borehole, the temporary wellpoint will remain in place
for surveying (Section 3.6) and site-wide water-level measurements (Section 5). Water-
level measurements will be made after water levels in the temporary well points have
been allowed to return to static levels. After the water-level measurements have been

10
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made, the temporary wellpoint will be removed, and the borehole will be backfilled with
a dry bentenite seal (granules) and hydrated with water or, alternatively, with a bentonite
grout mixed 1o the manufacturer’s recommendations. The driller will calculate the
borehole volume to ensure that the proper volume of grout is placed in the annulus, The
subcontractor will obtain permission from Exponent prior to selection and purchase of
seal materials.

3.4.2 Viscose Basin Temporary Wellpoints

Two to three boreholes will be advanced at each of the three locations indicated in
Figure A-2 for each of viscose basins 9, 10, and 11 (a total of nine locations) to collect
waste viscose samples and to install temporary wellpoints. The initial borehole at each
location will be advanced using hollow-stem auger drilting methods to the bedrock
beneath the waste viscose in each basin (up to approximately 25 {t total depth below
ground surface). Samples of waste viscose from the initial borehole at each tocation (i.e.,
the borehole used for installation of the temporary wellpoint) will be collected
continuously over the total depth of each borehole using a 2-in.-diameter stainless steel
split-spoon sampler for visual description and for collection of a composite sample for
laboratory testing. The second and third boreholes will be installed using hollow-stem
auger drilling methods at a distance approximately 10 ft away from the temporary
wellpoint borehole, to collect waste viscose samples at specific depth intervals for testing
of hydrologic parameters, consolidation, shear strength, electrical resistivity, and
chemical characterization as described in the FS work plan and in Section 4.2. These
boreholes will be backfilled, as necessary, with bentonite following complction of the
sample collection activities.

The boreholes will be advanced using an ATV-mounted, track-mounted, or skid-mounted
holtow-stem auger drilling machine. The existing fly-ash roads on the viscose basing will
be used, to the extent possibie, to access the wellpoint and borehole locations. Plywood,
Marshall Matting®, or other suitable surface stabilization methods may be used, as
necessary, to facilitate access to the borehole locations. The initial boreholes will be
advanced to the bedrock beneath the waste viscose in each basin (up to approximately 25
ft total depth below ground surface {bgs]). The second and third boreholes will be
advanced to the depth necessary to achieve the sampling objectives.

Ternporary wellpoints will be installed in the initial viscose basin boreholes at cach of the
nine locations to collect samples of pore water for laboratory analysis, measure water
levels, and conduct single-well pumping tests, which will be used to estimate the
hydraulic conductivity of the waste viscose material. Before installing temporary
wellpoints, any portion of a borehole that extends below the base of the viscose basin into
overburden and/or bedrock will be backfilled with bentonite. A minimum of 1 ft of sand
will be placed on top of the bentonite to prevent migration of bentonite into the
temporary wellpoint screen interval.

Temporary wellpoints will be installed inside the hollow-stem augers following
completion of the borecholes described above. The temporary wellpoints will be

11
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constructed of 2-in. Schedule 40 PVC casing with threaded couplings. A 10-ft section of
0.010-in. mill-slotted PVC well screen with an end plug will be placed at the bottom of
the temporary wellpoint at the base of the waste viscose. Blank PVC casing will extend
from the top of the screen to the ground surface. Stainless-steel centralizers will be

attached at the top and bottom of the well screen.

The annular space will be backfilled with No. 10-20 Colorado silica sand or equivalent to
approximately 1 ft above the top of the screen. To prevent caving, all annular fill
materials will be added to the borehole while the augers are slowly being removed.

A 2- to 3-ft-thick bentonite seal will be placed on top of the sand pack. The bentonite
seal will be hydrated with clean water and allowed to set for sufficient time to ensure a
proper seal. High-solids bentonite grout or bentonite chips will be placed from the
bentonite seal to within 2 ft of the ground surface. The driller will calculate the volume
of the annular space to ensure that the proper volume of grout is placed in the annulus.
The temporary surface completion will consist of an aboveground protective casing and
locking cap. Typical construction details are shown on Figure A-4.

3.4.3 Overburden Temporary Wellpoints

Temporary wellpoints will also be installed in overburden at five locations in the vicinity
of viscose basins 9, 10, and 11 (Figure A-2). The purpose of these temporary wellpoints
is to measure water levels in the overburden adjacent to the viscose basins and to conduct
single-well pumping tests to provide additional estimates of horizontal hydraulic
conductivity in the overburden. The boreholes will be advanced using hollow-stem auger
drilling methods to the overburden/bedrock contact. Boreholes will be advanced and
temporary wellpoints installed in a manner similar to that described above for the viscose
basin temporary wellpoints. The overburden temporary wellpoints will be screened over
the lower 10 ft of the overburden (Table A-la). Surface cornpletion may be modified
from the viscose basin temporary wellpoints completion by constructing either an
aboveground monument with steel protective riser or a flush-mounted watertight
monument. Typical construction details are shown on Figure A-4.

3.4.4 Overburden Monitoring Well

Two monitoring wells will be installed in the overburden at the approximate location
indicated in Figure A-1 to assess background overburden groundwater quality. A
borehole will be drilled using hollow-stem auger and/or air rotary methods to the
overburden/bedrock contact at an approximate depth of 20-25 ft bgs (Table A-1b).

Soil samples will be collected from the borehole with a split-spoon sampler at @ minimum
of S-ft intervals for lithologic characterization. The sarnpler will be driven 18 in. by a
140-1b weight falling a vertical distance of approximately 30 in, (i.e., standard penetration
test [SPT]). The number of vertical drops (blow counts) needed to advance the sampler
~ach 6-in. increment will be indicated on the borehole log.
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The overburden groundwater monitoring wells will be constructed of 2-in. Schedule-40
PVC casing with flush-threaded couplings. A 10-ft section of 0.010-in. mill-slotted PVC
well screen with an end plug will be placed at the bottom of each well, with the upper 3-
4 ft of the screen interval above the vadose-zone/groundwater interface. Blank PVC
casing will extend from the top of the screen to the ground surface. Stainless-steel
centralizers will be attached at the top and bottom of the well screen.

The annular space will be backfilled with No. 10-20 Colorado silica sand or equivalent to
approximately 1 ft above the top of the screen. To prevent caving, all annular fill
materials will be added to the borchele while the augers are being slowly removed.

A 2- to 3-ft-thick bentonite seal will be placed on top of the sand pack. The bentonite
seal will be hydrated with clean water and allowed to set for sufficient time to ensure a
proper seal. High-solids bentonite grout or bentonite chips will be placed from the
bentonite seal to within 2 ft of ground surface. The driller will calculate the volume of
the annular space to ensure that the proper volume of grout is placed in the annulus. The
surface completion will consist of either an aboveground monument with steel protective
riser or a flush-mount watertight monument. Typical construction details are shown in
Figure A-4.

3.4.5 Bedrock Monitering Wells

This section addresses the specific procedures for drilling, installing, and developing six
bedrock groundwater monitoring wells at the Avtex site. Five of the wells (at locations
128, 129, 130, 131, and 132, Figure A-1) will be completed in a water-bearing zone
within the shallow depth zone of the bedrock aquifer, to monitor the interval between 35
and 45 ft bgs, with a total well depth of 45 ft bgs, as indicated in Table A-1b. The sixth
bedrock well (at location 232, Figure A-1) will be completed within the intermediate
depth zone of the bedrock aquifer, to monitor the interval between 120 and 140 ft bgs, as
indicated in Table A-1b. In addition to the five shallow bedrock wells and one
intermediate bedrock well, a deep bedrock well (well 343) may be installed to an
approximate depth of 330 ft at a location southwest of the site during Phase II of the field
investigation (Figure A-1). As described in Section 6 of the FS Work Plan, installation of
this well is contingent on the results of groundwater sampling in offsite wells located
west of the Shenandoah River (wells 115, 136, 137, 162, 177, 181, 185, 215, GM2A,
GM2B, and 315). Installation of this well may require additional procedures such as
construction of a rough access road and a concrete drilling pad. If this well is detcrmined
to be necessary, an addendum to this FSAP, describing additions and modifications to
these bedrock well installation procedures that will be required for well 343, will be
prepared and submitted 1o EPA.

Bedrock well installation will include setting the surface casing in the overburden, and
advancing the borehole to the target depth using air rotary or hollow-stem auger methods.
with casing advance, 'I"ube.x®, or other equivalent methods; and installation of a 2-in.-
diameter PVC monitoring well, screened over the depth interval 1o be monitored. The
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length of the interval to be monitored in the shallow bedrock is 10 ft, and in the
intermediate bedrock is 20 ft. Groundwater grab samples will be collected periodically as
the borehole advances, to assess the potential presence of site chemicals. Field
measurements of specific conductance and pH may provide indications of site chemicals
in groundwater.! The groundwater grab samples will be extracted from the weil during
the air-rotary drilling process. Specific conductance and temperature will be measured
using the appropriate meter, which will be calibrated daily (per Standard Operating
Procedure [SOP] 56) and operated in accordance with the manufacturer’s instructions,
with data to be recorded 1n the field logbook.

3.4.5.1 Installation of Surface Casing

Surface casing will be set and grouted in place before the borehole is drilled into the
bedrock. The purpose of the surface casing is to seal off the well from any potential
contaminants from the surface, as well as to seal off groundwater in the overburden from
the bedrock. Surface casing will be installed as follows:

Steel surface casing will be advanced through the unconsolidated overburden material
and driven approximately 1-4 ft into the competent bedrock. Final selection of initial
casing size will be made in consultation with the lead hydrogeologist and a qualified
drilling contractor. The cuttings will be removed from the casing, and a bentonite seal
(minimum of 2 ft thick) will be placed in the bottom of the borehole. The bentonite seal
will be hydrated and allowed to set a minimum of | hour before drilling operations
continue.

3.4.5.2 Bedrock Monitoring Well Construction

A schematic for the bedrock well design is presented in Figure A-5; it 1s constructed as
follows:

o After surface casing is set through the overburden and the bentonite
seal is hydrated, the borehole will be advanced into bedrock by the air
rotary drilling method. Steel casing will be advanced as the borehole
progresses (using an under-reamer or casing shoe). I the Tube x®
system 1s used, the pilot bit and eccentric reamer creates a hole
sufficiently large for a casing tube to slide down behind the reamer.
Flush-jointed casing 1s then advanced through the under-reamed
borehole. Either of these methods will provide a better evaluation of
groundwater flow and subsurface lithology than conventional air-
rotary methods without casing advance.

' Groundwater within the dense carbon disulfide plume typically had a specific conductivity of
>5,000 psfem and pH of »9 during the 1994 sampling event.
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o  After the water-bearing target zone in the bedrock aquifer has been
reached, temporary casing will be installed to the bottorm of the
borehole. The drill string will be reroved, and the monitoring well
will be constructed inside the temporary casing as specified below.
The temporary casing will be removed following well installation.

The groundwater monitoring wells will be installed inside the temporary casing, in
accordance with all applicable laws, regulations, and guidelines. The groundwater
monitoring wells will be constructed of 2-in. Schedule 40 PVC casing with threaded
couplings. All wells deeper than 100 ft will be constructed using Schedule 80 PVC
casing. A 20-ft section of 0.010-1n. mill-slotted PVC well screen with a threaded end cap
will be placed at the bottomn of the well. Blank PVC casing will extend from the top of
the screen to above the ground surface. Stainless-steel centralizers will be attached at the
top and bottom of the well screen. The annulus between the well and temporary casing
will be backfilled with No. 10-20 Colorado silica sand or equivalent to approximately
1-2 ft above the top of the screen. All annular fill materials will be added to the borehole
via a tremie pipe as the temporary casings are removed.

A 2- to 3-fi-thick bentonite seal will be placed on top of the sand pack. The bentonite
sea] will consist of bentonite chips or pellets specifically designed to be emplaced in the
saturated zone. The bentonite seal will be hydrated with formation water ot by the
addition of clean water and allowed to set for sufficient time to ensure a proper seal.
High-solids bentonite grout will be placed with a tremie pipe from the bentonite seal 10
within 2 ft of the ground surface. The driller will calculate the volume of the annular
space to ensure that the proper volume of grout is placed in the annulus. A concrete
surface seal approximately 1-2 ft thick will be placed on top of the bentonite grout 1o the
surface level. The surface completion will consist of an aboveground monument with
protective steel casing that extends at least 2 ft above grade and has a lockable cap. The
protective steel casing will extend at least 3 ft below the surface and will be at least 2 in.
above the PVC casing.

Figure A-5 itlustrates the design of bedrock monitoring wells with stickup protective
casing. If a flush-mount protective wellhead is necessary, the stickup protective casing
shown in Figure A-5 will be replaced with a heavy duty metal valve box or locking vault
with a watertight seal installed at grade.

3.5 Temporary Wellpoint and Monitoring Well Development

Following temporary wellpoint (both the jc:cq;nrobc:® and viscose basin wellpoints) and
monitoring-well construction and a minimum 24-hour bentonite/grout stabilization
period, each temporary wellpoint or m onitoring well will be developed to remove fine-
grained materials from within and around the sand pack. Development will be achieved
by pumping and surging with a non -dedicated positive-displacement pump, staintess steel
or PVC bailer, surge block, centrifugal or positive-displacement bladder pump, or
combination of these technologies. The temporary welipoint or well will be altermately
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temperature, and specific conductance) will be monitored periodically during
(kvdopmmmt\NwmrqmﬂmynmmWswﬂlbecMﬂnmﬂdCMMyhlmmommnm:wnh
manufacturer’s specifications (SOP 56). Following well development, a two-week
stabilization period will be gllowed prior to conducting any groundwater sampling.

3.6 Survey

Following installation, a professional land surveyor will survey the locations of the new
wells, the Geoprobe® temperary wellpoints, and the viscose basin and overburden
mmwmmyWHWMMmuuﬂm@mmﬁhwwnmwﬁﬂﬂﬂ.ﬂwmﬁmmwedmmmmkum
determined to an accuracy of 0.01 ft. The location will be referenced to the appropriate
state plane coordinate system and U.S. Geological Survey (USGS) datum.

3.7 Borehole and Well Data Reporting

kaimiﬂﬂkﬁvﬂ“bedomumnmxﬁntheﬁem]qﬂmmkandk@gﬂimmﬁddcmwﬁhcﬂsws

appropriate in general accordance with methods described in the QAPP (ERM 1949)
Field forms that will be used to document borehole lithology and well completion details

A lithologic log will be prepared for each borehole. The borehole log will include
information on soil types, rock types, color, texture, odors, water levels, drilling
conditions, and any other perfinent information. Soils will be classificd in accordance
\Wﬂﬂh@UﬂﬁhdSoﬂCkwﬁﬂ&mmnSmengmd&mdwanﬁﬂilﬂnmﬂmd[)%ﬁ@%B
(Attachment A-3). Rock types will be classified using standard geological nomenclature
Solid samples will not be collected during the installation of the Geoprobe® temporary
wellpoints, and therefore, a lithologic log will not be prepared for these wellpoints.

3.8 Management of Investigation-Derived Wastes

Investigation-derived wastes generated at the Avtex site (e.g.. drilling water,
decontamination water, development water, and drili cuttings) will be managed according
to the procedures described in Section 7.6.
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4. Aqgueous and Solid Media Sampling
ping

This section describes the locations of and procedures for collection of samples of
groundwater, viscose basin pore water, and viscose basin solids during the supplemental
field investigation.

In addition to the data produced by the work described herein, the FS will also
incorporate data from other site activities, Specifically, in support of the FS for OU-10 at
the Avtex site, seven overburden monitoring wells , seven shallow bedrock monitoring
wells, and two intermediate bedrock monitoring wells will be sampled during the Phase I
investigation. The samples will be analyzed for TCL VOCs and SVOCs, TAL metals,
and ammonia nitrogen. These data will also be used in the evaluation of QU-7.

4.1 Groundwater and Pore-Water Sampling Procedures

Groundwater/pore-water samples will be collected from selected wells and temporary
wellpoints to characterize site water quality and to provide samples for use in laboratory
testing. The following sections identify the locations of the wells/wellpoints to be
sampled and summarize the sampling procedures. The required equipment for this
sampling effort is listed in Attachment A-4,

4.1.1 Sampling Locations

A total of 75 groundwater-monitoring wells (8 proposed and 67 existing)’, 14 Geoprobe®
temporary wellpoints, and nine viscose basin temporary wellpoints (temporary wellpoints
WP01-WP09) will be sampled to characterize the current groundwater and viscose basin
pore-water quality at the Avtex site. The locations of the monitoring wells and the
temporary wellpoints are indicated in Figures A-6a through A-6d and A-2, respectively.

In addition, seven replicate groundwater or pore-water samples will be collected for use
in laboratory testing of carbon disulfide hydrolysis at each of the following monitoring
wells/temporary wellpoints: 116, 205, 216, 316, WP01, WP04, and WP07. Each
replicate sarnple will consist of three VOA vials. In addition, five 500-mL septum-scaled
amber glass bottles will be filled at each of the wells/wellpoints. Three of the replicate
samples and three of the 500-mL glass bottles from each well will be spiked with 0.2, 2.0,
and 4.0 mL of 30 percent hydrogen peroxide. Preservative will not be used for the
remaining samples. The locations of the monitoring wells and temporary wellpoints are
shown in Figures A-6a through A-6d and A-2, respectively.

Because installation of well 343 is contingent on the Phase [ sampling results, it was not
inchuded in the count of proposed wells,
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Samples of viscose basin pore water from temporary wellpoints WPO1, WP04, and WPQO7
will be collected for use in laboratory testing of static electrical conductivity. The
locations of these temporary wellpoints are shown in Figure A-2.

4.1.2 Sample Collection Procedures

This section presents procedures that will be used to measure water levels and to purge
and sample monitoring wells and temporary wellpoints.

4.1.2.1 Static Water-Level Measurements

Static water-level measurernents will be performed immediately prior to
purging/sampling individual monitoring wells and temporary wellpoints. Water levels
will be measured using an electronic water-level instrument following procedures in

SOP 19 (Attachment A-5). Water-level measurements will be recorded on a groundwater
field data form (see Attachment A-6) to the nearest 0.01 ft. A complete survey of site
water levels will be performed after the completion of groundwater sampling and field

activities, as described in Section 5.

4.1.2.2 Groundwater Well/Temporary Wellpoint Sarnpling

This section summarizes the procedures that will be used to purge and sample
groundwater monitoring wells and temporary wellpoints at the Aviex site. Prior 1o
purging, a groundwater-level measurement will be taken and recorded on the
groundwater sampling field data form. After measuring the groundwater level, and prior
to sampling, each monitoring well/temporary wellpoint will be purged. The purging
technique and the type of equipment used to purge each well will differ based on well
type, well yield, well diameter, the depth to water, and the amount of pump submergence
possible. Due to the complexity of the purging process, decision trees and supporting
tables have been provided in Attachment A-7 to assist field personnel in selecting the
appropriate purging protocols at each well/wellpoint.

The low-flow purging and sampling techniques described in U.S. EPA Region 1
Technical Bulletin Number QADO023 (Attachment A-8;, U.S. EPA 1999), will be used, 0
the extent possible, for the overburden wells and the viscose basin wellpoints. These
techniques are not appropriute for open-borehole wells, wells of large diameter, or wells
wilh large intervals to be monitored (U.S. EPA 1999). Most of the bedrock wells at the
site are 4- or 6-inch diameter open boreholes, and many have large open intervals.
Pumping rates, however, will be minimized to the extent reasonably possible when
purging and sampling the bedrock wells and Geoprobe® wellpoints, to minimize
drawdown. To the extent possible, the water level in the wells will not be allowed to fall
below the top of the screened interval or the open borehele in the bedrock wells.

R
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Because groundwater has not been sampled at the site for six years, it is possible that
some of the existing wells will require re-development prior to purging and sampling.
Re-development of these wells will be accomplished according to the procedures outlined
in Section 3.5. All purge and development water will be contained and transported to the
the digester that contains the viscose leachate, as described in Section 7.6.
Decontamination procedures for purging pumps and bailers are described in Section 7.5.

Overburden Well, Viscose Basin Wellpoint, and GiE!t)[JIIr()b'lE!m Wellpoint P'lurrt:5||i.n|qg| and
Sampling — The overburden wells, viscose basin wellpoints, and Geoprobe™ wellpoints
that will be sampled at the Avtex site will be purged according to the protocols provided
in Attachment A-7. If sufficient submergence is possible (i.e., >3 ft), the w ellsfwellpoints
will be purged and sampled using a Teflon®-lined bladder pump equipped with new
Va-inch, Teflon®-lined tubing. The pump will be lowered slowly to the center of the
saturated screen section of the well/wellpoint. Once the pump is in place, the water level
in the well/wellpoint will be measured and the pump will be started at the lowest flow
possible (e.g., approximately 100 mL/min).” If the water column in the well does not
provide sufficient submergence (o permit the use of a bladder pump, a peristaltic pumyp
with new Vi-inch, Teflon®-lined tubing, and new medical-grade silicon tubing (used for
the pump head} will be used for purging. A peristaltic pump will also be used for purging
alt of the Geoprobe'@ wellpoinis, because these wells do not have sufficient diameter to
accommodate the bladder pump. Before purging, the intake tubing will be lowered
slowly into the water column to minimize agi tation and loss of VOCs, to adepth of 1 1t
below the water level.

The water level in the well will be measured continuously during purging to ensure that
drawdown in the well/wellpoint does not exceed 0.2 ft—the maximum drawdown
specified by QADO23 (Attachment A-8; U.S. EPA 1999). The pumping rate may be
increased, provided that drawdewn of the water Jevel rem ains less than 0.2 ft. Purging
will continue until field parameters are stable, as described below. In the event that
drawdown in the well/wellpoint cannot be stabilized at less than 0.2 ft while purging at
the lowest pump setting, the water level will be allowed to lower to a maximum depth of
90 percent of the initial saturated screen interval at the start of purging (i.e., 10 percent of
the initially saturated screen interval is dewatered).* If the water level stabilizes at or
above this depth, the well will be purged (with the option of increasing the pumping rate
if it does not cause the water level to drop below 90 percent of the initial saturated
monitoring interval) until the field parameters are stable, and then the well will be

3 Note: Technical bulletin QADO?23 recommends that the pump be placed in the well 12 to

48 hours prior to purging/fsampling, However, this action is impractical at the Aviex site, given
the number of wells being sampled. As a result, care will be taken to lower the pump into the
well as slowly as possible immediately prior to purging, in an effort to minimize disturbance of
the water column.

[ p—— A N - . . . -
This value was selected as a reasonable limit to minimize cascading effects and potential loss of

VOCs.
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sampled as described below. If the water level cannot be stabilized at or above this
(mpmyﬂmrmma%enneﬁmimgwdlmmhhevdummofwMenﬂmamh@inﬂm\wﬂ
(Volume;) will be calculated. Ifﬂnffthdunun<xn1be]mquxla[ﬂu:caknﬂa&x]naﬂuugﬁ
nneinwhnx:hounathenlhe[unnphmgra&:“dﬂlhaadmuMEﬂhmadoso,andsmmnpﬁngwwﬁlbe
cxnnhuned(nux:ﬂnffFthunun:nfqmquxiandI%&klpannneknsznt:Habka If three
Volume, cannot be purged, then an evaluation will be made as to whether one Volume,
mmwﬂpmgmhﬂhmemmm.Homfwmmmuambemmﬁﬁmmmﬂmnmﬂhmkmmmm
mmw%mpMHbmmwmmmdMmmmmhmmmmm$MMﬂMMMMmiIﬂmmvommmcmmm
IWWM@mLmmumnwdvmmﬂasmmﬂmewﬂﬂmmmmmﬁhmnmawdkamhhnwmMMH
be sampled within 24 hours.

Field parameters will be measured by directing the pump outflow through a flow-through
mmemmwminumﬂmHMHmm&mMgMimmmﬁcammmmmmJ%mm$MWmmwﬁmm
temperature, and turbidity (following the methods for assembly of the flow-through cell
and calibration of field instruments described in SOP-56 and SOP-424). To monitor
turbidity, a T-valve will be placed in line on the purge tubing in front of the flow-through
cell, Thﬁwmh@xﬂ”aHUWfOrﬁHW@(ﬁﬂmamdeMynmkwcuwﬂmsatmeSamcﬁnwthm
mcmmﬂﬁddmmwmmmwmnmmwﬁﬂﬁﬂmﬁmmpmmwwﬂymmbemmMmmdmm
Ioggedontmagxmndwauﬂfkﬂddam1bnnapmxmhna%%yewmyfinﬁnwﬁsduﬁng
purging. Purging will continue until the parameters are all stable. The criteria for
dMEnmnmgsmbﬂhmﬁonvﬁ“tmtmtesmmmmhmremﬁmﬁzmawhhhuﬂlluMuﬂbrpH,
+3 percent for specific conductance and temperature, +10 mV for Eh, and 10 percent for
turbidity and dissolved oxygen. However, if the turbidity drops below 5 NTUs (i.¢., does
not stabilize above 5 NTUs), then the turbidity criterion will become obtaining three
successive measurements with a turbidity less than 5 NTUs. These turbidity
measurements will be at least 5 minutes apart. In the event that turbidity starts at less
than 5 NTUs, the turbidity criterion will be that a consistent downward trend in turbidity
is not observed—— thmi&amimwamehnuwhdﬂynemhﬂobeohwmmminomammmmg
Aﬁmqmnmuﬁwsmbmmmkm,MIMXﬁMdpmummﬁmvdMbenxoﬂhdhﬂhedMu&xﬁmn
of the groundwater sampling field data form, and a plastic beaker will be filled from the
T-valve for determination of iron speciation per SOP-61.

Upon completion of the iron speciation measurement, the discharge tubing will be cut
upflow of the in-line T-valve, and the discharge from the tubing will be collected for
luboratory analyses. Care shall be taken to ensure that the discharge tubing does not
cmmﬂncmﬂmiwﬂhmegmmndquMpmmnaniHsmn«Gnmmhmmrmmpmwmw
be collected in general accordance with ASTM Standard 4448-85a (1992) (Attachment
A-3). Table A-3 and Figure A-64 summarize the parameters to be evaluated in each
well/temporary wellpoint to characterize site groundwater/pore-water quality. Sample
containers and preservatives for specific parameters and laboratory tests are indicared ir
Table A-4. At cach well/temporary wellpoint, the necessary sample containers will be
filled in the order presented in Table A-5.

All sample bottles will be filled directly from the pump discharge tubing. The discharge
tubing will not be allowed to contact any of the sample bottles during filling, to minimize

potential cross-contamination. VOA vials will be filled to overflowing, capped, and then
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inverted and tapped to ensure that no air bubbles are present. If an air bubble is observed,
the process will be repeated with a new bottle until no air bubbles are evident. Past
sampling experience at the site suggests that turbidity of the groundwater in the
overburden wells may be high. As a result, filtered samples will be collected from the
overburden wells for TAL inorganics analysis after all of the other sample bottles have
been filled. A filtered sample for TAL inorganics will not be collected from the
Gve:oprobe@ wellpoints, because these samples are for screening-level purposes. To
collect the filtered TAL inorganics sample, unfiltered groundwater will be collected in a
clean, unpreserved 1-I. HDPE sample bottle. Once sampling is completed at the well, the
water in the 1-L HDPE bottle will be passed through a 0.45 -,u m, high-volume, in-ling
groundwater filter using a peristaltic pump and new Teflon®-lined tubing,.
Approximately 200 mL of the water will be pumped to rinse the filter prior to sample
collection, and then a pre-preserved sample bottle for metals analysis will be filled
directly from the filter discharge port. In the case of wells/wellpoints being sampled with
a peristaltic pump, once all but the VOA vials for VOC analysis have been 1F11]¢=d the
pump intake Iuﬂbmg, will be removed slowly from the wellpoint, and a disposable, bottom-
discharge Teflon® bailer will be lowered slowl y into the wellpoint for collection of the
VOC samplt,. The bailer will then be raised out of the wellpoint, and a low-flow
discharge tube will be attached to fill the VOA vials used for VOC sample collection.
This process will continue until each VOA vial is filled, with no air bubbles present.

Bedrock Well Punrging and Sampling — A low-flow, submersible centrifugal pump with
new Y-inch Teflon®-lined tubing will be used to purge and sample the bedrock wells.
Shallow, intermediate, and deep bedrock wells each require different purging procedures,
Altachment A-7 provides detailed methods that will be used for purging each type of
bedrock well. Before purging, the submersible pump will be lowered slowly into the
water column to minimize agitation and loss of VOCs, to the midpoint of the saturated
open-borehole interval. The pump will be started at the three-hour purge rate (see Table
1 of Attachment A-7), and water levels will be monitored continuously. At this point, the
prescribed purging procedures for shatlow, intermediate, and deep bedrock wells are all
unique, and Attachment A-7 must be consulted to establish the corret purging procedure,
based on bedrock well depth.

The methods for measuring the field parameters, evaluating parameter stabilization, and
collecting groundwater samples are the same as those de :.(_ru bed in the above section
(Overburden Well, Viscose Basin Wellpoint, and Geoprobe® Purging and Sampling). A
filtered sample will not be collected from the be dr()c‘k wells, because these wells do not
have a history of containing groundwater with high turbidity. Table A-3 and Figures A-
6b through A-6d summarize the parameters to be evaluated in each well to characterize
site groundwater quality. Sample containers and preservalives for specific parameters
and laboratory tests are indicated in Table A-4. At each well, the necessary sample
containers will be filled in the order presented in Table A-5.
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4.1.2.3 Field Quality Control Samples

Quality control samples to be incorporated into the sampling program include trip blanks,
field blanks, equipment rinsate blanks (both unfiltered and filtered, as necessary), and
field duplicates. A trip blank for VOCs will be included in every cooler containing VOC
samples that is sent to the analytical laboratory. Field duplicates will be collected at a
frequency of 1 each per 20 site samples and analyzed for all analytes at the Target
Analytical Option used for the native samples of that type. Field blanks and equipment
rinsate blanks will be collected and submitted at a rate of 1 each per 20 site samples or 1
>ach per week—whichever is more frequent. However, these quality control samples
will be analyzed only for the TCL. VOCs, TCL SVQCs, TAL inorganics, PCBs,
organochlorine pesticides, or analytes that must meet Target Analytical Option IV data
quality objectives, The analytes TDS, alkalinity, chloride, silica, and sulfate need to meet
Target Analytical Option III data quality objectives, and will serve only as indicators of
overall water quality. However, these analytes will also be included in the analyses
performed on the field blanks and equipment rinsate blanks.

4.1.2.4 Laboratory Quality Control Samples

During sample collection activities, field staff will collect the appropriate volume, so that
the analytical laboratory can perform the matrix spike/matrix spike duplicate analysis at a
1:20 frequency, as specified in the QAPP (ERM 1999).

4.2 Sampling Solid Media in Viscose Basins 9, 10, and 11

Samples of waste viscose and overburden scils will be collected from within/below
viscose basins 9, 10, and 11 to characterize the physical and/or chernical properties of
these materials. Table A-6 summarizes the viscose basin sampling and analysis program,
including sample location, anticipated sample depth, sample identification number,
sample matrix, analyses to be performed, and the laboratory that will perform the
analyses. Samples will be submitted to Lancaster Laboratories, Inc. (LLI), GeoSyntec
Consultants (GSC), Applied Hydrology Associates, Inc. (AHA), or SmartWorm, Inc.
(SWI) for the appropriate analyses. Addresses for these laboratories are provided in
Table A-7. This sampling effort will be coordinated with the temporary wellpoint
installation described in Section 3.6. The required equipment for this sampling effort is
listed in Attachment A-4.

4.2.1 Sampling Locations
Samples of waste viscose and/or averburden will be collected from three Jocations in
each of viscose basins 9, 10, and 11 (Figure A-2). At each of these locations, an initial
borehole will be advanced into the waste viscose to install the temporary wellpoint, to
collect samples of waste viscose for visual description, and to collect a depth-integrated
composite sample of waste viscose for laboratory testing. At two or three locations in
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.ach basin, a second borehole will be installed approximately 10 ft away from the
borehole installed for the temporary wellpoint, to collect samples for physical and
chemical analyses and for use in laboratory testing. A third borehole will be installed at
one of these locations to collect samples for consolidation and shear testing.

4.2.2 Sample Collection Procedures

Sampling of viscose basin and overburden material will be ¢ oordinated with the
previously described temporary wellpoint installation. The drilling methods that will be
used during the viscose basin s ampling are described in Section 3.5. The boreholes used
to collect all viscose basin samples will be collocated with the temporary wellpoints that
are being instalied in viscose basins 9, 10, and 11. An initial borehole will be advanced
at each location to the bedrock beneath the waste viscose in each basin (up to
approximately 25 ft total depth below ground surface) using hollow-stem auger drilling
methods. Samples of waste viscose from the initial borehole at each location (i.e., the
borehole used for installation of the temporary wellpoint) will be collected continuously
over the total depth of each borehole using a 2 in.-djameter stainless steel split-spoon
sampler. A visual description of the color, texture, and consistency of the waste viscose,
as well as any other relevant parameters, will be recorded on a borehole log for the entire
sample length. The waste viscose from throughout the borehole (excluding the crust
layer and any overburden) will he combined in a 3.5-gallon high-density polyethylene
(HDPE)} bucket to create a single composite for each of the three temporary wellpoint
locations in each viscose basin. Pore water from the corresponding temporary wellpoint
will be pumped into the bucket to eliminate the headspace.

A second borehole will be installed at two selected viscose basin temporary wellpoint
installation locations per basin, and a third borehole at one selected location per basin
will be installed using hollow-stem auger drilling methods at a distance approximately 10
ft away from the temporary wellpoint borehole, to collect waste viscose samples at
specific depth intervals. Specific sample depths and laboratory testing and analyses are
summarized in Table A-C. Specific-depth-interval samples from the second borehole at
1wo selected locations will be collected using a 2-in.-diameter split-spoon sampler. The
samples will be placed inte sample containers and submitted for hydrological
characterization, chemical ch qracterization analyses, and direct electrical resistance
heating tests. Additionally, in one selected second borehole in each viscose basin, a
sample from the top of the overburden material (confirmed to be present on the basis of
the termporary wellpoint installation borehole) underlying the basin w ill be collected and
submitted for laboratory analysis of saturated vertical hydraulic conductivity. The third
borehole will use a 3-in.-diameter Shelby tube (2 ft long) to collect samples of sufficient
size: for the consolidation and shear testing (Table A-6). Fol lowing sample collection, the
secend and third boreholes at each lTocation will be backfilled, as necessary. with
bentonite.

Upon removal, each split speon (hydrogeological characterization and direct electrical
resistance heating tests) will be opened, and the stainless steel sleeves will be sealed
immediately on both ends with caps and Teflon tape. Shelby tube samples will be capped
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imm@ﬂ%ﬂwmﬂmmemkamhm%mhmehmmhmﬁ'ﬂwommmuﬁ@mhmmmmuMH
then be wiped clean with a paper towel and a sample label will be attached to the sleeve.
Theskmvevwnthm1hevwnpp@dhlMUnﬁnuthMemd;ﬂmxﬂinﬂdea!ﬁpkmtmg.Ihe
sample will then be placed on ice in » sample cooler at 4° C. To aid in recording the
samples on the (:}1:1i11-4:1fl<:ljs;I(J<j;va;z|111]des~naunuadL)ﬁsi:;-J:En;[LhE:st.|[(ZU[ZN(ZbﬂE;fﬁ;lil) form {Attachment
ﬁhgxthetmgnumNbarofemﬂ1skmve\vﬂlhevninen<n1Hmaou&mdeofcachiﬁpkx:bag

At depth intervals where sarnples for chemical characterization are being collected, the
staindess steel sleeve will be eliminated. Upon retrieval, the split spoon will be opened
amjﬁmsoﬁdsmmpbsﬂm\mhﬁiwﬂlhﬁuﬂk@%daqucMyHSPO%iME.AMErﬂw‘ﬂ)C
samples are processed, one 16-0z. glass jar will be filled from cach split-spoon sampler
for analysis of morganics, conventional parameters, and moisture content, Sampling of
VOCs will be performed following the procedures in SW846 Method 5035 using the
EMNJMTJW'mnﬂwmecoﬂecﬁontﬂrnce.IiquﬂesfortmmhIouﬁqmmdrnth@ve]anmbwh;udﬂ
be collected for each sample (i.e., three ii-;g;_EEJ1<:(3nﬁEfrT“'.s;alinqprhsxrs;:fk)l'nfuﬁ(:l] sample). At the
.Lzﬂtntlrzlt()zfyh,n:rrbesutyf't]1u3::ih-g; Encore™ samplers will be used for high-level VOC analysis,
and the remaining two samplers will be used for low-level analysis, if necessary. These
analyses will be subject to a 48-hour holding time. A field test will be performed on six
samples of viscose waste to assess the effervescence caused by the addition of sodium
bisulfate as a preservative (testing conducted during Phase | groundwater sampling, July
2000}. Results from this testing will be provided to Lancaster Laboratory to assist them

with establishing the appropriate sample-handling procedures,

Ifmﬂﬁﬂmﬂsam@k:mawﬁahmnoﬁﬁuowwmiﬁomlhammondormhdtmanM&
additional sample material will be collected from an additional borehole installed
adjacent to the boreholes,

Lﬁkmﬂogk:hngﬁrgpofanyxwwatundentmrbadnuﬂ<nWMfrnHSCtdkmmadfh&nlﬂu:bowﬂmakﬂ
will be performed in accordance with ASTM method ) 2488-93 (Attachment A-3).

4.2.3 Field Quality Control Samples

Quality control samples to be collected during sampling of solid media will include one
field i:dhanwdk;.'crrre:uEn;[Lli[)111t311l;1ri115;zubs:'t:lzlral:, and one field duplicate for chemical
characterization analysis to meet the Target Analytical Option IV data quality objectives
TheﬁﬂddummamsmMWe“ﬂlmzmﬂkmmdbyMHMngabmehﬂehmnmﬁmdyamammt
lﬂasemcmdtmnﬂm%zwmdtaco“mxuuﬂmnﬂmﬂchaﬂmﬂﬁzmkn1&nnﬂeandnmnoﬂnga
&mnMeﬂmnnhccmT%pOWMHgdqnhhMQwaLJHquuMﬂycmMnﬂsampksﬁM
material/geotechnical properties and laboratory testing for Targetr Analytical Opticn 111
data quality objectives will not be collected.

4.3 Sample Designation

Sample designation will tollow the general format specitied in Section 3.3.1.6 of the
QAPP (ERM 1999). Each aqueous and solid sample collected in the field will be
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assigned a sample number, a unique tag number, and a unique sample identification
nurber (Sample ID). To ensure that the analytical lab is analyzing samples blind, the
sample ID will be recorded only in the field logbook and will not be placed on any
sample bottle or COC/SAR form sent to the analytical laboratory. The sample ID will be
entered into the site database upon receipt of the data from the analytical lab to aid in
subsequent data identification and analysis. All samples being sent to the analytical
laboratory will be identified with a sticker sample label containing a unique sample
nurnber, the site name, the date, the time, the sampler’s initials, the sample preservative,
and a unigue tag number. An example tag is provided in Attachment A-9. A description
of the sample number, tag number, and sample ID number is presented in the following
sections.

4.3.1 Sample Numbers

The sample number will contain six digits, including a two-digit media code and a four-
digit number. For this field investigation, the following media codes will be used for
sample numbers:

¢ S8 - surface soil

» BH - subsurface soil or bedrock from borehole

» VM - viscose hasin material

»  GW — groundwater/pore water.
The last four digits of the sample number will start at 0001 and will increase
consecutively for each medium (e.g., for groundwater samples: GWO0O0OI,

GW0002, etc.). Field sampling crews will be assigned sample number blocks, if
needed, to avoid using duplicate sample numbers.

4.3.2 Tag Numbers

The tag number is a unique 5-digit number that is pre-printed on the bottom of each
sample tag (Attachment A-9). Numbered blocks of sample numbers will be given to
sampling crews to ensure that sample blocks have consecutive tag numbers.

4.3.3 Sample 1D Numbers
The Sample ID number will be noted in the field logbook for inclusion into the database

at a later date. Descriptions of the derivation of the Sample ID number for aqueous and
solid media samples are presented below.
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4.3.3.1 Grouncwater/Pore Water

The sample 1D for groundwater and pore-water samples will consist of a combination of
the following codes, each separated by a hyphen: a site code, a management unit code, a
well series code, a well ID code, and a QC code (for field QC samples only). The
following describes each code:

v Sire code — A two-letter identifier, AV, representing the Avtex site.

v Management unii code — A two-letter identifier representing
groundwater (GW) or pore water (PW).

v Well series code - A two-letter identifier indicating that the sample is
from an onsite (ON) well, an off-site (OF) well, or a temporary
wellpoint (WP).

®  Well ID code — A unique, three-digit number will be assigned for the
new monitoring wells, where the first digit indicates the well depth
zone, and the second and third digits indicate the well location. For
example, the four wells in the well nest at lecation 01 would have the
designations of 001 for the overburden well, 101 for the shallow
bedrock well, 201 for the intermediate-depth well, and 301 for the
deep-bedrock well. Existing wells will retain the same well 1D code
used in previous studies. For the new temporary wellpoints, the wel
[D code will be a unique two-digit number that will indicate the
temporary wellpoint location,

aTal

v Quality control ((QC} code — A single-letter code indicating that the
sample is a VOC water trip blank (A), a field blank (B}, an equipment
rinsate blank (C), or a field duplicate (IY). The first three codes (i.e.,
A, B, or C} will be followed, in parentheses, by the month, day, and
year that the sample was collected [e.g., B(0O8/22/00) for a field blank
collected on August 22, 2000]. No hyphen will be used between the

well ID code and the “D” QC code.

Examples of Sample 1D numbers are as follows. For a groundwater sample collected
from the intermediate-depth bedrock well at onsite location 01, the tracking number
would be AV-GW-ON-201. The tracking number for a duplicate sample from this
location would be AV-GW-ON-201D. The tracking number for a trip biank for sarnplin g
onsite groundwater on 24 August 2000 would be AV-GW-ON-A(8/24/00).

oy

4.3.3.2 Solid Media Samples

The sample 1D for solid samples will consist of a combination of the following codes,
each separated by a hyphen: a site code, a management unit code, a media code, 2
borehole ID code, a depth code, and a QC code (for field QC samples cnly). The
following describes each code:
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s Site code — A two-letter identifier, AV, representing the Avtex site.

»  Management unit code ~ A two-letter identifier, VB, representing the
viscose basins.

o Media code - A two-letter code indicating that the solid sample is
viscose basin material (VM) or a subsurface sample of soil or bedrock
(BH).

o Borehole ID code - A unique location code, including two letters and
a two-digit number. The borehole ID for specific-depth-interval
samples from boreholes collocated with a given temporary wellpoint
will be the same as the temporary wellpoint ID (e.g., WP01). If
composite samples are collected from multiple boreholes, they will be
identified by basin (e.g., VB09, VB10, or VB11)

o Depth code — A two-digit number code representing the depth at which
the sample was collected. The code will use the depth of the top of the
sampling interval (for example, the depth code for a surface sample
collected from 0 to 0.5 ft would be 00, and the depth code for a sample
collected at a depth of 12 to 14 it below the surface would be 12). For
composite samples that include multiple depths, the letters CS will be
used for the depth code. Field and rinsate blank samples will use a
depth code of 00.

o Quality control (QC) code — A single-letter code indicating that the
sample is a field blank (B), a rinsate blank {C), or a field duplicate (D).
The first two codes (i.e., B or C) will be followed by the month, day,
and year that the sample was collected in parentheses [e.g.,

B(08/22/00) for a field blank collected on August 22, 2000]. No
hyphen will be used between the depth code and the “D” QC ¢ ode.

For example, a sample of waste viscose collected from the sixth viscose basin temporary
wellpoint boring at a depth of 1510 17 ft would be AV-VB-V M-WP06-15. The sample
number for a field duplicate at this location would be AV-VB-VM-WP06-15D. A
composite sample collected for laboratory testing from temporary w ellpoint boreholes
WP01, WP02, and WP03 in viscose basin 9 would be AV-Y B-VM-VB09-CS,

4.4 Sample Handling and Analysis

This section describes sample-handling procedures and analytical methods that will be
used for analysis of groundwater and solid samples.
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4.4.1 Sample Handling and Shipping

All sarnples collected during this field investigation will be subjected to strict sample-
handling procedures, as outlined in Section 3.3 of the QAPP (ERM | 999), to ensure that
the investigation data quality objectives are achieved. Standard operating procedures for
sample packaging and shipping are described in Section 5 of the QAPP (ERM 1%999) and
are summarized below.

Immediately after collecting each sample, the sample container, labeled with a completed
sample tag, will be sealed in an individual plastic bag and placed immediately into an
insulated cooler chilled to less than 4° C. Exponent COC/SAR forms will be completed
at the time of sample collection and will accompany the samples inside the cooler for
delivery to the analytical laboratory. A list of laboratory shipping addresses is presented
in Table A-7. All shipments will be logged into the field logbook with reference to the
COC/SAR form numbers contained in each sample lot. Copies of al]l COC/SAR forms
will be submitted to the Field Team Leader (FTL) for inclusion in the field
documentation files for the project.

Relinquishment of samples wiil be indicated on the COC/SAR form by the sampling
tearn, and these forms wiil be sealed in a Ziploc bag before being placed in the cooler (o
protect them against moisture. Each cooler will contain sufficient ice and/or ice packs to
ensure that proper temperature is maintained, and will be packed in a manner to prevent
damage to sample containers, A member of the field team will then complete two

o
custody seals and place a seal on opposite corners of each sample cooler. Examples of
Exponent’s Sample Tag, COC/SAR form, and Custody Scal are provided in Atachment
5-0
A,

4.4.2 Groundwater/Pore-Water Analytical Methods

Groundwater and pore-water samples collected during the field investi gation, or resulting
from the laboratory testing, will be analyzed for part or all of the followin g parameters,
depending on the sampling or laboratory testing objectives:

o  Target Compound List (TCL) VOCs
e TCLSVOCs

* PCBs

*  Organochlorine pesticides

» TAL inorganics

»  Hexavalent chrome

*  Arsenic +3/45 speciation

o Anions (alkalinity, chloride, sulfate, and silic a)

[ o -
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e TDS

e Ammonia nitrogen

s Chemical oxygen demand
e Density

o Field-measured paramneters—pH, dissolved oxygen, Eh, temperature,
specific conductance, iron speciation and turbidity (to be measured
during purging)

g

The majority of the groundwater and pore-water samples will be submitted to Lancaster
Laboratories, Inc. (LLI), Lancaster, Pennsylvania, for analysis using the analytical
methods listed in Table A-8. Groundwaler and pore-water samples for arsenic speciation
analysis will be submitted to Frontier Geosciences, Inc., Seattle, Washington. The
shipping addresses for LLI and Frontier Geosciences are listed in Table A-7. The
specific analyses for groundwater and pore-water samples collected from monitoring
wells and temporary wellpoints to ch aructerize site water quality are summarized in Table
A-3. The analyses to be performed on samples derived from laboratory testing are
summarized below.

4.4.3 Laboratory Testing Methods for Aqueous Samples

Groundwater and/or pore-water samples will be collected during the supplemental field
investigation for use in carbon disulf ide hydrolysis laboratory testing and electrical
resistance heating laboratory testing/ch aracterization. The following summarizes the
procedures for these tests.

4.4.3.1 Carbon Disulfide Hydrolysis Tesls

Seven samples of groundwater/pore waler, each consisting of three VOA vials, will be
collected from the wells/temporary welipoints cited in Section 4.1.1 for use in carbon
disulfide hydrolysis testing. In addition, six S00-mL septum-sealed amber glass bottles
will be filled from each of the wells/temporary wellpoints, Prior to collection of the
samples, three of the VOA sels and three of the S00-mL bottles will be spiked with 0.2,
2.0, and 4.0 mL of 30 percent hydrogen peroxide. Once all of the sample bottles have
been filled and sealed, they will be placed in a cooler (at 4°C) and shipped to Columbia
Analytical Services (CAS) in Kelso, W ashington. At the laboratory, the V OA vial sets
that were spiked with hydrogen peroxide, as well as one VOA vial set that was not spiked
with hydrogen peroxide, will be analyzed for carbon disulfide. In addition, the three 500-
mL bottles that were spiked with hydrogen peroxide, and one 500-mL bottle that was not
spiked, will be analyzed for TAL inorganics, alkalinity, chloride, sulfate, silica, and pH.
The samples from each well will be stored at the laboratory in the dark at a constant
temperature similar to that of the site groundwater. Theremaining VOA vial sets will be
analyzed after 1, 3, and 6 months for carbon disulfide. One of the remaining 500-mL,

=]
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bomkmrwﬂﬂlx:anahﬁxxlﬂmrI?ULinorgmmmﬁ,aHﬁﬂmnny,chhmide,ﬁuﬂhu;sﬁhca,and;ﬂH
mmrﬁmmnmnAﬂﬂﬂmmnwmmhamsmmmmmmHnﬂmkmbiIEDMMWMmMmme
final 500-mL borttle will be filtered through a 0.45-um filter, If sufficient precipitate is
collected (0.5 g), it will be evaluated by x-ray cfiiﬁfiuux:ti1:nr|-(Iiilitli)]u1n:>.i(lezrlti1F)r any
crystalline compounds (particularly metal sulfides) that precipitated during the hydrolysis
exmﬂmmn.ﬂm@mﬁﬂ&hmﬂymnwﬂmummhmmbmmguﬁmm%ﬂﬁﬂlﬁ»mw
diffractometer at the Department of Geological Sciences, University of Colorado at
Boulder (see Attachment A-10).

4.4.3.2 Electrical Resistance Heating Tests

To evaluate electrical resistance heating (ERH) as a potential remedial technology,
viscose basin pore-water sarnples will be collected from temporary wellpoints WP(1,
WPO4, and WPO7 (three samples total) for static electrical conductivity analyses. These
unahﬂxxnwﬁulx:pen&nﬂmmjmekwthe(ﬁr@mjon(ﬂTAﬁwﬂﬁxlkhﬂh{ﬂogyxﬁs&mﬂaﬂaglhc.
(AHA), of Denver, Colorado. A summary of the testing is contained in

Attachment A-11. The pore~“%ﬁerswwnplesvvﬂllx:senttoIVkﬂﬂiHanmhAchx:UVH?Z) —————
AHA’s subcontract laboratory—in Calgary, Alberta, Canada at the address shown in
Table A-T.

4.4.4 \ﬁ$GQSELSDHdFﬂedh&ﬁhwﬂyﬁcalamniLabmwahmnimmnhodﬁ

This section discusses the chemical and physical evaluation of solids samples collected
from viscose basins 9, 10, and 11 that will be performed as part of the supplemental field
tnvestigation.

4.4.4.1 Chemical Characterization

To determine chemical characteristics of the waste material in the viscose basins, a total
of 18 samples will be collected and submitted to LLI for analysis for TCL VOCs, TCL
S5VOCs, TAL inorganics, paste pH. anions {chloride, silica, and suifate), ammonia
nitrogen, and percent solids using the analytical methods presented in Tuble A-8. All
samples will be submitted to LLI at the address shown in Tablc A-7.

4.4.4.2 Hydrologic Parameters

To determine hydrologic properties of the waste material in the viscose basins, 12
samples will be submitted to GeoSyntec Consultants (GSC) in Atlanta, Georgia for
analysis of field capacity, wilting point, vertical hydraulic conductivity, porosity,
moﬁhnmcmm@nLandkamﬁnﬁgxInadmﬁonﬂhmeSamPMSDwaﬂbunknvﬂ“lm
subnﬁﬂedto(lS(fﬁMTnuxmunwnentofveﬂkxdluﬂhﬂuﬁcconducﬁvﬁy.Pﬂfﬂhodsﬂnmh@m
analyses are presented in Table A-9. All samples shall be submitted to GSC at the
address shown in Table A-7.
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4.4.4.3 Consolidation and Shear Testing

To gain an understanding of the consolidation properties and shear strength of the waste
viscose material, nine undisturbed core samples (Shelby tubes) will be submitted to GSC
for consolidation tests using ASTM method D2435-96 and Vane Shear tests using ASTM
method D4645-94 (Table A-9; Attachment A-3). To obtain additional information on the
arount of water released from the waste viscose during consolidation pressures, GsC
will be requested to record the amount of water expelled from the test apparatus during
gach pressure increment. Al samples collected for testing by GSC shall be submitted to
the address shown in Table A-7.

During selected consolidation tests, samples of the pore water released at each successive
loading increment will be ¢ ollected for analysis of TCL VOCs, and a composite of the
water released over the duration of the test will be collected for analysis of TAL
inorgarics, alkalinity, pH, TDS, sulfate, chloride, and silica. It is possible that the
samples may require dilution to produce sufficient water for these analyses. In addition,
samples of the waste Viscose will be collected following the completion of the testing and
submitted to the analytical laboratory for the chemical characterization analyses
described in Sections 4.4.4.1 and 4 4.4.5. The results of these chemical analyses will
provide an indication of the potential for chemicals to be released from the waste viscose
under compressive force. All of the sample chemical analyses will be performed by LLL
with the exception of the quantific ation of free and bound carbon disulfide, which will be
performed by CAS.

4.4.4.4 Electrical Resistance H eating Tests

To evaluate electrical resistance heating as 4 potential remedial technology, a total of nine
undisturbed cores of viscose wasle material will be collected (Table A-0) from temporary
wellpoints WP01, WP04, and WPO7 (three samples from specific depth intervals in cach
borechole). The results of the elec trical resistivity laboratory tests will be evaluated by
Applied Hydrology Associates, Inc. (AHA), of Denver, Colorado. A summary of the
testing that will be performed by AHA is contained in Attachment A-11. AHA uses a
subcontract laboratory-— McMillan-McGee (MC2) of Calgary, Alberta, Canada—to
measure the electrical resistance of the samples. Therefore, the nine cores will be
shipped to MC2 at the address shown in Table A-7, and MC2 will perform the
measurements under the direction of AH A.

4.4.4.5 Quantification of Free and Bound Carbon Disulfide in Waste Viscose

A sequential extraction procedure will be used to quantify the concentration of carbon
disulfide in waste viscose that is present in free and bound forms. The sequential
extraction procedure will be performed by Columbia Analytical Services (CAS)
following the procedures in Attachment A-12. All leachates will be analyzed using
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purge-and-trap (EPA rnethod 5050A) and GC/MS analysis (EPA method S030E). In
zukﬁtknuquHS(ﬁ’anﬂlsanuﬂe\Nﬂﬂtmnmmﬂﬁzﬁdlmmwlpﬁcwtownujfoﬂovdmgtheanuenﬂal
extraction by Fourier transform infrared spectroscopy (FTIR) at R.J. Lee Group, Inc. in
Monroeville, Pennsyivania. These analyses \A/i]]l;Flr()‘ain:he::ﬂ.:;c:rlli-«;|Llerr1til11tjrww3::311:3];y15is; of
the relative abundance of carbon disulfide bound to the cellulose matrix (i.e., present as
cellulose xanthate) before and after extraction. Specific methods for conducting the
FﬂmﬁmﬂwmampmmeHnAmWMWmmAdl

&mmﬁ‘NmmeWmmmeﬁmwmmmHMMmMMWTmms

[ﬂbmmuwyumu;wﬂlm:mnMUﬂmdtoquamﬂymheexnth)whkhwhevhmom:hwhm
nqwmmmtasoumeofhymxmﬂkzmﬂsu}gmun¢NMEnumunﬂhmtheaddrmyﬂnmum&ﬂo
neutralize the waste viscose, A total of nine waste viscose samples will be collected
during the supplemental field investigation and shipped to Exponent’s Boulder, Colorada
laboratory for these tests. The procedures for this test are presented in Attachment A-14.

4.4.4.7 Waste Viscose Laboratory Treatability Studies
lidnnnum3fUEauﬂﬁthsmudkmuﬁhxnhm1ﬁﬁB(ﬁWhﬁﬁRS‘ﬂhnﬁ:Phnﬁhwuuzueinhﬂumnjha
evaluate the effectiveness of various remedial technologies or actions will be performed
mnmgmﬁcommanrwmﬁevmcmﬁsmnmﬁSCMkmuﬂthnnemmtmﬁn.Thecmmpoﬂm
sample buckets will be shipped to Expenent’s Boulder, Colorado testing laboratory
(Table A-7), Prior to the sampling effort, a ]Laudbn:xrzit()rjy"]ff:sutirlgg and Analysis Plan
(LTAP) that provides detailed expertmental and quality control procedures will be
prepared and submitted for approval.

Proposed laboratory treatability studies include the following:

»  Waste viscose chemical oxidation 1ests
o Waste viscose vermiculture treatment tests

o TESHM@prphyskxdzuuichenﬁcaluxﬂuﬁqumstodrnpnywiumehundhng
propertics of the waste viscose.
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Synoptic Static Water-Level Measurement and Geologic
Mapping

A synchronized measurement of the static water levels will be made in on- and offsite
wells and temporary wellpoints to characterize the groundwater potentiometric surface in
the overburden and bedrock geologic units. These measurements will be completed a
minimum of two weeks after sampling and field testing of all monitoring wells and
temporary wellpoints to allow the groundwater levels to stabilize across the site.
Equipment requirements are listed in Attachment A-4.

In addition, the orientation of cleavage and bedding planes in bedrock outeraps southwest
of the Avtex site will be mapped by a geologist.

5.1 Synoptic Static Water-Level Measurement

Groundwater levels will be measured in all proposed and accessible existing
onsite/offsite wells (potentially a total of 109 wells) and all 28 temporary wellpoints.
Figure A-7 provides the locations of the 9 proposed wells and the 100 existing wells in
the onsite/offsite monitoring well network. The locations of the 14 Geop-rnrﬂ:)ﬁ:® ternporary
wellpoints are shown in Figure A-1. The approx imate locations of the nine proposed
viscose basin temporary wellpoints and the five propos ed overburden temporary
wellpoints are indicated in Figure A-2.

Static water levels will be measured using an electronic water-level instrurment following
the procedures in SOP 19 (Attachment A-5). Water-level measurements will be recorded
to the nearest 0.01 ft in the field notebook. Decontamination of depth-to-water meters 1s
described in SOP 19. Monitoring well/wellpoint IDs for the 137 synoptic water-level
measurements are listed in Tables A-la, A-1b, and A-2.

5.2 Geologic Mapping

A geologist using & Brunton compass will map the orientation of cleavage and bedding
planes in bedrock outcrops southwest of the Avtex site. In addition to mapping outcrops
in the hills southwest of Rivermont Acres, an effort will be made to map outcrops that are
exposed above the surface of the Shenandoah River during tow flow. The strike and dip
of the structural features in the outcrops will be used to understand the cleavage and the
orientation and folding of beds, particularly with respect to the anticline that appears to
provide important structural control on the movement of the dense carbon disulfide
plume.
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6. Field Tests

Two field tests will be performed during the supplemental field investigation: single-well
pumping tests and infiltrometer tests. These tests are summarized below.

6.1 Single-Well Pumping Tests

Single-well, constant-rate pumping and recovery tests will be performed in three
temporary wellpoints installed in the viscose basins {one each in basins 9, 10, and 11) and
in four selected overburden monitoring wells/temporary wellpoints, to provide estimates
of horizontal hydraulic conductivity. Specific test locations will be determined after the
new monitoring wells and temporary wellpoints have been installed and developed. The
pumping tests will be performed in general accordance with SOP 36, modified for the
lower pumping rates that are cxpected to be required for these tests. Equipment
requirements are presented in Attachment A-4.

6.1.1 Pre-Test Monitoring

Before conducting each constant-rate test, groundwater elevations in the test well will be
monitored continuously for a period of 24 hours. Barometric pressure will also be
measured throughout the 24-hour pre-test monitoring period, as well as throughout the
constant-rate test and the recovery period. These data will allow barometric pressurce
effects on groundwater levels to be distinguished from those induced by the pumping test.

6.1.2 Pumping Test

A 4-hour (minimum) constant-rate aquifer pumping test will be conducted at each of
seven selected temporary wellpoint locations. Pumping rates will be selected based on
the sustainable pumping rates from each location observed during development of the
temporary wellpoints. It is anticipated that the sustainable pomping rates may be very
low (e.g., less than 1 gpm). The pump inlet will be set at a depth of approximatety 5 ft
above the bottom of the temporary wellpoint. The water surface elevation in the
temporary wellpoint will be menitored continuously throughout both the pumping and
recovery portions of the test using pressure transducers and automnatic electronic data
loggers, as described below,

Submersible pumps, a power supply, and discharge piping and valves will be necessary
for the constant-rate pumping tests. The pumps and plumbing will be installed and

operated according to the general configuration indicated in Figure A-8. Depending on
the required flow rate, either a peristaltic pump or a submersible pump will be used for
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each test. All plumbing will be located where it does not interfere with, or could be
damaged by, other activities at the site.

The discharge rate and volurne from the pumps will be monitored using a calibrated, in-
hne flow meter and totalizer, and the discharge rate from the purnp will be maintained
using either a variable-speed pump or a gate valve (or equivalent) to check flow (Fig gure
A-8). Flow rate will be monitored, and if necessary, adjusted at 1-, 10-, and 30-minute
intervals during the 0-10, 10-30, and 30--240 minute periods of t h-E: test, respectively.
Flow rate will be recorded in the field logbook or pumping test field forms for each of
these time intervals.

6.1.3 Recovery Test

Following the constant-rate pumping period, the pump will be shut off, and the
groundwater elevations will continue to be recorded for an additional 4-hour (minimum)

water-level recovery period, or until the groundwater elevation in the pumping well
returns to its pre-test elevation.

6.1.4 Water-Level Measurement and Recording

The water level in the temporary wellpoint will be monitored throughout the pre-lest
monitoring period, constant-rate pumping test, and recovery test using pressure
transducers connected to data loggers. Transducers will be installed approximately | f
above the top of the pump inlet. The transducer will be connected to an electronic data
logger. The frequency of data collection will decrease with time durin g both the
pumping and recovery phases of the test, as discussed in SOP 36. Backup measurements
will be taken using an electronic water-level indicator at a frequency appropriate for the
degree of change in water level during the test, in accordance with SOP 19.

6.1.53 Discharge and Treatment of Water Produced During Aquifer Testin g

Water pumped from each temporary wellpoint during the tests will be disc harged to a
tratler- or truck-mounted storage container {or other appropriate container) with sufficient
capacity for the total volume of water produced during each test. TJHF- discharge water
will then be transported to the viscose leachate digester (see Figure 2-5 of the FS Work
Flan), from which it will be transferred to the onsite wastewater tre 1lment: plant (WWTP)
for treatment.

6.1.6 Documentation

Groundwater elevations and barometric pressure will be recorded electronical Iy using an
automnatic data logger. The rmonitoring point location, relative benchmark for depth
measurernents, equipment used, and test identification number used in the data logeer

EEl
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will be noted in the log book. Measurements of the flow rate and method of
measurement, and any manual water-level measurements, will be recorded in the
logbook. At the end of each test, the data stored in the logger will be downloaded to a
laptop computer and placed on a backup floppy disk. The supervising hydrogeologist
will also document all field activities, including local weather conditions, personnel on
site, and any deviations from this work plan.

6.1.7 Data Evaluation

Drawdown and recovery data will be analyzed to estimate aquifer properties using
standard aquifer test analysis techniques (e.g., the methods of Theis, Cooper and Jacob,
Hantush, and Neurnann; SOP 36). Because the applicability of these solution techniques
is highly site specific, the methed to be applied during this investigation will be selected
based on aquifer conditions at the site and a preliminary review of the pum ping test data.

6.2 Infiltrometer Tests

In-situ infiltrometer tests will be conducted in viscose basins 9, 10, and 11 to characterize
the macro-scale infiltration properties of the basins. The infiltrometer tests will be
performed in general accordance with ASTM Method D3385-94-— Standard test method
for infiltration rate of soils in field using double-ring infiltrometer (provided in
Attachment A-3). This method will be modified to use large-diameter (0.5 to 2 m),
single-ring tests, because double-ring tests tend to overestimate the infiltration rate
(Bouwer in Wilson et al. 1995). A total of nine tests will be performed—three tests in
each of viscose basins 9, 10, and 1 1-—to account for heterogeneity within the basins.
Specific test locations will be selected in the field after completing a visual examinution
of the surface of each basin.

6.2.1 Test Procedures

The ring diameter for each test will be chosen to be large enough to incorporate
variability in surface characteristics but not so farge as to require an unreason able amount
of water to perform the tests, Testing procedures will follow ASTM D3385-94, except
that only a single ring will be used. In the event that the ring cannot be driven to a
minimurn of 6 inches below the bottom of the surficial crust layer of the viscose basins,
the crust layer will be removed prior to testing. Mariotte tubes will be used to maintain a
constant head in the infiltrometer. An equipment list for this test method is provided in
the ASTM method.

Field installation procedures will be documented in the logbook. Time, water level in the
ring, and water supply rate witl be documented in accordance with the data sheet forrnal
in ASTM methodD3385-94. The volume of fluid that infiltrates during each measured
time interval will be converted 1o an incremental infiltration velocity using the equalions
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in the ASTM method. Results from each test will be evaluated and used to calculate a
mean and standard deviation for the infiltration rate at each test location.

ok

YhoulderIidatalgroups \productions' 8600a20.002 04G1 trnt
ryfitsapVisap july final coe

AR301 928



Supplement to the Quality Assurance Project Plan

This section presents information that supplements the QAPP (ERM 1999). The
information presented here is specific to this in vestigation and thus is not addressed in
detail in the QAPP. References 1o specific QAPP sections are provided, as necessary.

7.1 Project/Field Team Organization

This section describes the organization of project and field teams for this field
investigation (Section 2.1 of the QAPP). An organizational chart is presented in Figure
A-9 All onsite activities will be conducted under the direction of the Field Team Leader
(FTL). A designated Field Task Manager (FTM) reporting to the FTL will be desi gnated
for each sampling team and will be res ponsible for performing the specific sampling
tasks and related activities in accordance with the QAPP and this FESAP. The Site Safety
Officer (SSO) will be responsible for ensuring compliance with the Exponent Health and
Safety Plan (HSP).

Two-person teams of experienced environmental sampling technicians will conduct the
groundwater/pore-water sampling. Each sampling team will have a designated FI'M
responsible for implementing the requirements of the QAPP and this FSAP, including the
sampling activities (sample collection, identification, labeling, handling, packaging.
documentation and shipping), and for maintenance of a bound field notebook that
provides the FTL with daily reports of field team activities. Under the SSO’s direction,
the FTM will also be responsible for ensuring that the team implements the appropriate
health and safety procedures at each sampling location.

The viscose basin borehole and temporary wellpoint installation will be performed by a
drilling company with a registered contractor’s license in the State of Virginia, under the
direction of a two-person Exponent team consisting of a hydrogeologist and a sampling
technician. The Exponent team will perform all sampling. The hydrogeologist will serve
as the FTM and will be responsible for conducting the investigation in accordance with
its stated objectives, completing the boring logs and field log book, and conducting health
and safety monitoring during sampling activities under the direction of the S50 or
designee. The sampling technician will assist the FTM in sample collection,
identification, handling, packaging, and documentation.

7.2 Critical Data Quality Indicators and Associated Performance Criteria

This section presents critical data quality indicators (DQTs) required per Section 2.5 of
the QAPP. Table A-8 presents a summary of an alytical methods by matrix and includes
DQIs for bias, precision, and completeness. Quantification limits for the methods for
VOCs, SVOCs, PCBs, TAL inorganics, and conventional analytes are presented in
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Tables A-10 through A-15. Criteria for all other investigation DQIs not presented in this
document are contained in the QAPP.

7.3 Sample Containers and Preservatives

All sarmple containers with preservatives, as appropriate for specific analyses, will be
provided by the analytical laboratory (i.e., LLI). Table A-4 summarizes the types and
sizes of sample containers, preservative requirements, and holding times for the analytes
for this field investigation.

To address the majority of the DQOs presented in Section 2.2, 100 percent of the samples
for analysis of Target Level 1V analytes will be collected. Broken or lost samples will be
replaced. Furthermore, if a well cannot be sampled due to damage, the well will be
repaired or replaced, or an alternative, representative well will be selected (in conjunction
with the EPA) and sampled. Exponent will evaluate well conditions durin g the week of
June 19, 2000.

7.4 Documentation of Field Activities

A record of field activities will be maintained using bound, weatherproof field notebooks
and/or numbered field data forms in accordance with the procedures described in Section
3.3.1 of the QAPP (ERM 1999). The field notebooks and field data forms will be
maintained by the FTL or designee. All field records, data, field notebook pages,
COC/SAR forms, drilling logs, and other reports will be sent to the Project Manager at
the completion of field activities for inclusion in the project files.

The FTL or designee, us appropriate, will maintain a record of field activities i a bound.
weatherproof field notebook(s). All appropriate information related to sampli ng
activities must be recorded in the field notebook.

At the end of each day, the FTL or designee will review the documentation for accuracy
and completeness. If problems are noted, the appropriate FTM(s) will be directed to
address them. In addition, the SSO will complete a daily field safety meeting to discuss
and address pertinent health and safery issues. As specified in Section 4 of the QAPP
(ERM 1999), a single field audit will be completed by the FTL. This ficld audit will
oceur during the groundwater sampling event.

7.5 Decontamination
Prior to mobilizing to the site to conduct ground water sampling, all bailers will he
decontaminated off site ut Exponent’s laboratory in Boulder, Colorado using the

following procedure:

o Potable water rinse
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¢ Liquinox detergent wash

e Potable water rinse

» 10 percent nitric acid solution rinse
¢ Distilled or deionized water rinse

¢ Methanol rinse

o Deionized water rinse

e Airdr Y

e Butcher paper wrap.

All purging and sampling equiprent to be used at mu Itiple sarnpling locations will be
decontaminated in the field prior to beginning purging and sampling activities, after use
in each monitoring well, and before leaving the Aviex site. All decontamination fluids
will be contained and transported 1o the viscose leachate digester (see Figure 2-5 of the
ES Work Plan) for disposal (water), or will be disposed of according to local regulations
(acetone and hexane).

Purging and sampling equipment will be decontaminated using procedures appropriate

i

for the type of equipment being decontaminated (e.g., steam cleaning, hand wash and

rinse with appropriate materials, etc.). The probes and cables of the depth-to-water
meters will be decontaminated per SOP 19.

Submersible pumps will be decontaminated by pumnping a Liquinox solution through the
pump and scrubbing the exterior of the purmnp with the Liquinox solution and a bristle
brush. The pump will then be rinsed with tap water, followed by pumping tap water
through the pump. Distilled waler will then be pumped through the pump, completing
the decontamination procedure.

Any equipment that cannot be decontaminated or is design ated for one-time use (e.g..
tubing) will be properly packaged and disposed of, as described below. Health and safety
monitoring instruments will be decontaminated by wiping with a damp cloth. 1f gross

contamination of health and safety monitoring instruments is likely, the instruments will
be wrapped in plastic bags prior to use.

All sampling personnel will pass through a Contamination Reduction Zone that will be
established for each monitoring well or well nest. The level of personal decontamination
required will depend on the level of protection necessary 10 ¢ omplete sampling activities
at each location. Details are provided in the site-wide health and safety plan (FMC
2000), and the health and safety plan addendum (Attachment A-1).

The drilling rig and drilling and sampling tools (split-spoon samplers, Shelby tubcs,
continuous-driven samplers, etc.) will be decontaminated by initially washing with high-
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pressure steam. The equipment will be decontaminated after each borin g, and before it
leaves the site. Decontamination will be performed at a temporary decontamination pad,
located near the drilling rig. Water generated from decontamination will be contained
and staged in a designated area.

Sampling equipment such as split-spoon samplers, Shelby tubes, continuous-driven
samplers, soil scoops, stainless steel bowls, and trowels will be decontaminated in
accordance with the procedures outlined in the first paragraph of this section.

7.6 Management of Investigation-Derived Wastes

All water generated during well purging and equipment decontamination will be
collected in an appropriate container, and transported and di scharged to the viscose
leachate digester. Large volumes of water (e.g., drillj ng fluids and development/purge
water) will be collected in a truck- or trailer-mounted containment s ystem (e.g., a Baker
tank), which will be periodically drained to the viscose leachate di gester. A contractor
certified for the transport of hazardous materials will transport any water generated
during development, purging, and/or sampling of offsite monitoring wells. Any free-
phase liquids other than water that are derived from any well/wellpoint will be
appropriately contained and labeled for temporary onsite storage until the material can be
identified and disposed of properly.

Contaminated personal protective equipment (PPE) and disposable sampling equipment
will be contained in double plastic bags, which will be sealed with duct tape and marked
to indicate the date, contents, and sampling location. PPE must be separated from
disposable sampling equipment. All double-bagged and labeled PPE and disposable
sampling equipment will be stored in the designated onsite storage area until it 1s properly
characterized and disposed of offsite. Solid wastes generated during the investigation
(¢.g., paper towels and PPE) will be cleansed of any gross soil accumulation or
contaminants and will be placed in plastic garbage bags and double-bagged for disposal
at a municipal landfill,

Waste viscose and soil generated during the drilling in viscose basins 9, 10, and 11 will
remain where it is generated (1.e., on the surface of the basins). Upon completion of each
borehole, the solids will be spread out over the basin surface, such that the surface will be
returned to pre-drilling contours. Soils and rock generated durin 2 the installation of wells
and temporary wellpoints (those outside of the viscose basins) will be contained af the
well/wellpoint and transported und deposited on the surface of viscose basin 9. 10, 0r 11,

7.7 Site Health and Safety Procedures

Specific health and safety procedures for this field investi gation are presented in a site-
wide health and safety plan (FMC 2000) and a health and sufety plan addendum
(Attachment A-1). Al field staff will be supplied with copies of both documents and wiil
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receive onsite training on the existing hazards and safety procedures before the field
activities begin.
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Table A-7. lLaboratory shipping addresses

Contact information

Exponent Tesling Laboratory
Attention: Larry Peterson
4340 Pear East Circle,

Suile 300

Boulder, CO 80301

(303) 444-7270

McMillian-McGee

Attention: Bruce MclGiee

Star Building

3504 B4th Avenue, S.E.

Calgary, Alberta, Canada T2C 1P4
(403) 686-7185

Smartworm Technology, Ine.
Reg Renaud

28281 Silverado Canyon Road
P.O. Box 792

Silverado, CA 92676-0792
(714) 583-9676

Frontier Geosciences
Attantion: Dirk Wallschlaeger
414 Pontius North

Seattle, WA 98109

(208) 622-6960

RJ Lee Group, Inc.
350 Hochberg Road
Mornroeville, P& 15144
(724) 3251776

University of Colorado
Attention: John Drexler

Benson Earth Sciences Building
2200 Colorado Avenue

Boulder, CQ 80309

{303} 492-5251

GieoSyntec Consultants
Attention: Paul Sabatini
1100 Lake Hear Drive,
Suite 200

Atlanta, GA 30342
(404) 705-8500

Columbia Analytical Services
Attention: Joe Wiegel

1317 South 13th Avenue
P.C. Box 479

Kelso, WA 98626
1-800-695-7222

Lancaster Laboratories, Inc.
Attention: Kay Hower

2425 Holland Pike
Lancaster, P& 17601

(713) 655-2308 Ext. 1528

ZM\projects\VA20_ Front Royahproject docurnents\Tables\lab_contacts xls Sheett 7/13/00 9 55 PM
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Table A-9. Methods for materials/geotechnical properties testing, chemical
characterization testing, and laboratory treatability testing

Target Analytical Data Validation
Test Type Option IMatriz Level Method Lab®
Materials/Geotechnical Properties
Field capacity | Viscose 4 ASTM D5298 GEQ
Wilting pairnt | Viscose 4 ASTM D5298 GEQ
Vertical hydraulic conductivity i Viscose/Overburden 4 ASTM DE084 GEQ
Specific gravity (particle density) 1| Viscose 4 ASTM CB54 GEO
Porosity 1] Viscose 4 Calculation® GEC
Moisture content i Viscose 4 ASTM D2218 GEC
Bulk density i Viscose 4 ASTM D2937 GEQ
Cansolidation tests® ] Viscose 4 ASTM D2435-96 GEO
Vane shear tesl ] Viscose 4 ASTM D4648-94 GEO
Chemical Source Characterization
Free and bound CS, analysis 1] Viscose 4 Attachment 9 CAS
Hydroxide liberation lests ] Viscose 4 Attachment 10 EBL
Laboratory Treatabilily Testing
Chemical oxidation lests n Viscose 4 LTAP EBL
Vermicullure treatment tests }]] Viscose 4 LTAP EBL
Direct electrical resistance heating tests 1it Viscose 4 Atlachment 4 AHA/MC2
Handling improvement tests lit Viscose 4 LTAP EBL

Note: With the excepticn of the consolidation test samples, which will be collected with a 2-ft Shelby Tubse,
all samples will be collected using G-in. or 12-in. stainless slael split-spoon sampler liners.
All samples will be sealed with plastic end caps and Teflon lape.
LTAP - procedures wil be developed and presented in a Laboralory Testing and Analysis Plan

? Lab abbreviations are as follows:
AH&A  Applied Hydrology Associates, Inc.
CAS  Columbia Analytical Services
EBL  Exponent Boulder Lab
GEO  GeoSyntec Consultants
MC2  McMillian-McGee
P Porosity= 1-(bulk density/particle density)
¢ 3-inch diameter core
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Table A-10. Quantitation limits for volatile erganic compounds

Water Water Soit Sail
MDL MRL MDL MRL
Analyle {rg/L) (ug/L} (t1g’kg) (g/kg)
Aceatone 6 20 7 20
Benzene 1 5 } 5
Bromodichloromethane 1 5 2 5]
Bromaoform ] 5 1 5
Bromomethane 3 b 3 5
2-Butanong 3 10 7 10
Carbon disulfide 3 5 3 5
Carbon tetrachicride 1 5 1 5
Chlorchenzene 1 5 1 5
Chlorcethane 3 5 3 &1
Chlorcform 1 5 i ]
Chloramethane 3 5 2 5
cis -1,3-Dichloropropene ] 5 } 5
trans -1,3-Dichloropropene 1 5 ! o]
Dibromochloromethane 2 5 1 5
1,1-Dichloroethane 2 5 I 5
1,2-Dichloreethane 2 5 2 5
1,1-Dichlaroethene 1 5 2 5
1,2-Dichloroethene (total} 2 b 2 5
1,2-Dichloropropane 1 5 3 5
Ethylbenzene 2 5 1 5
2-Hexanonz 7 10 3 10
Methylene chloride 2 5 2 5
4-Mgthyl-2-pentancne 5 10 3 10
Styrene 1 5 1 5
1,1,2,2-Tetrachlorosthane 2 5 1 5
Tetrachloroethene 1 5 1 5
Toluene 2 5 1 5
1,1,1-Trichlorcethane 1 5 1 5
1,1,2-Trichlorcethane 2 5 2 5
Trichlorcethene 1 5 1 5
Viny! chloride 2 5 2 5
Xylenes (tolal) 1 5 1 5

Note: MDL - method detection limit
MRL - method reporting limit
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Table A-11. Quantitation limits for semi-volatile organic compounds

Watar Waler Soil Soil
MDL MRL M- MRL

Analyle (ug/L) {erg/.) (g'kg) (gfkg)
Acenaphthane 1 10 o3 330
Acenaphthylene 1 10 33 330
Anthracene 1 10 a3 330
Benzo{a)anthracene 1 10 33 330
Benzo(b)fluoranthene 1 10 3 330
Banzo(k)fluoranthene 1 10 33 330
his{2-Chloroethoxy)methaneg 1 10 &7 320
bisi2-chloroethyl)ether 1 10 a3 330
his(2-ethylhexyljphthalate 2 10 87 330
4-Bromophenyl-phanylether 2 10 23 330
Butylhenzylphthalate 2 10 67 330
di-n-Butyiphthalate 2 10 67 330
Carbazole 3 10 a3 330
4-Chloroaniline 1 10 &7 330
4-Chloro-3-methylphenol 1 10 &7 330
2-Chloronaphthalens 1 10 33 330
2-Chlorophenc! 1 10 a3 330
4-Chlorophenyl-phenyl ethar 1 10 33 330
Chrysene 1 10 33 330
Dibenzofuran 1 10 33 330
1,2-Dichlorobenzene 1 10 33 330
1,3-Dichlorobenzene 1 10 33 330
1,4-Dichlorobenzane 1 10 33 330
3, 3-Dichlorobenzidine 2 10 67 670
2 ,4-Dichlorophenaol 1 10 67 330
Diethylphthalate 2 10 67 330
2 4-Dimethylphenol 1 10 67 330
Dimethylphthalate 2 10 67 330
4,86-Dinitro-2-methylphenocl 5 25 170 830
2. 4-Binitrophenol 20 60 670 2000
2,4-Dinitrotoluene 1 10 33 330
2.6-Dinitrotoluene 2 10 33 330
Fluoranthensa 1 10 33 330
Fluorene 1 10 33 330
Hexachlorobenzene 2 10 33 330
Hexachlorobutadiene Z 10 67 330
Hexachlorocyclopentadiens 5 25 170 670
Hexachlorogthane 1 10 33 330
Isophorone 1 10 33 330
2-Methylnaphthalene 1 10 33 330
2-Methyphenol 1 10 33 330
4-Melhylphenc 3 10 67 330
MNaphthaleng 1 10 33 330
2-Nitroaniling 2 10 67 330
3-Nitroaniling 2 10 67 330
4-Nitroaniline 2 10 67 330
Nitrabenzene 1 10 33 330
2-Nitrophenol 1 10 67 330
4-Nitrophenol 10 50 170 830
r-Nitroso-di-n-proplyamine 1 10 33 330
r-Nitroso-diphenylamine 1 10 33 330
di-n-Octylphthalate 2 10 67 330
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Table A-11. (cont.)

Water Water Soil Soil
MDL MRL MDL MRL
Analyts {ug/L) tug/Ly (ug/kg) (ee/ka)
2,2-Oxybis {1-chloroproprane) 1 10 33 330
Pentachlorophenol 3 25 170 830
Phenanthrene 1 10 33 330
Phenol 1 10 67 330
Pyreng i 10 33 330
1,2, 4-Trichlorobenzene 1 10 33 330
2,4,5-Trichlorophenol 2 10 &7 330
2,4,6-Trichlorophenol 2 10 &7 330

Note: MDL - method detection lirmit
MRL - method reporing limit
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Table A-12. GQuantitation limits for PCBs

Water 'Water

MDL. MFIL

Cornpound {ug/L) (/L)
Aroclor® 1016 0.1 0.5
Aroclor® 1221 0.1 0.5
Aroclor® 1232 0.1 0.5
Aroclor® 1242 0.1 0.5
Aroclor® 1248 0.1 0.5
Aroclor® 1254 0.1 0.5
Aroclor® 1250 0.1 0.5

Note: MDL - maethod deteclion limit
MRAL - method reporiing limit
PCB - polychlorinated biphenyl
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Table A-13. Quantitation limits for organochlorine pesticides

Water Water

MDL MRL
Compound (ug/Ly (gL}
Aldrin 0.002 0.01
a-BHC 0.002 0.01
B-BHC 0.002 0.01
v-BHC 0.002 0.01
5-BHC 0.002 0.01
a-Chlordane 0.002 0.01
y-Chlordane 0.002 0.0
p'p-DOE 0.004 0.02
p'p’-RDOT 0.004 0.02
p'p-DDT 0.004 0.02
Dieldrin 0.004 0.02
Endosulfan | 0.004 0.02
Endosulfan | 0.002 0.01
Endosulfan suifate 0.004 0.02
Endrin 0.004 .02
Endrin aldehyde 0.004 0.02
Endrin ketone 0.004 .02
Heptachlor 0.002 0.01
Heptachlor epoxide 0.002 .01
Methoxychlor 0.02 0.1
Toxaphene 0.2 1

Note: MDL - method delection limit
MRL. - method reporting limit
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Table A-14. Quantitation limits for TAL inorganics

Waler Waltar Soil Soil

MDL MRL. MDL MRL
Analyte {mg/iL) {mg/L} (mo'kg) (mg/kg)
Alumirigm 0.077 0.2 2.6 30
Antimony 0.0084 ° 0.01 ® 0.54 1
Arsenic 0.00115 ° 0.010° 0.25 1
Barium 0.0022 01 0.19 10
Beryllium 0.0019 AR0Y| 0.13 0.5
Cadrmiurm 0.00081 @ 0.0015 ® 0.76 0.1
Calcium 0.044 02 5 30
Chrormium 0.0017 ? 0.0o3 ° 0.084 0.5
Cobalt 0.0066 0.05 0.63 5
Copper 0.0035 0.025 0.32 4
Cyanide 0.004 ° 0.005 ° 0.18 ¢ 05°
fron 0.011 01 19 20
Lead 0.0079 ° o401 Q.53 1
Magnesium 0.03 01 6.7 25
Mangarese 0.0026 0.01 25 2
Mercury 0.0001 ¢ 0.0002 ° 0.015 © 0.1°
Nickel 0.0066 0.05 1.7 5
Potassium 0.199 0.5 22 50
Selenium 0.0044 # 0.01°® 0.48 1
Silver C.0056 0.02 0.23 2
Sodium 0.109 0.6 7.4 100
Thallium 0.0092 ° o.02° 0.63 2
Vanadium 2.0034 o2 0.18 2
Zine 0.0047 0.025 1.8 10

Note: TAL - target analyte list
2By EPA Method 6010B Trace
By EPA Method 7060A

By EPA Method 335.2

9By EPA Method 7470A

By EPA Method 74714
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Table A-15. Method reporting and detection limits for conventional analytes

Waler Water Soil Seil
MDL. MRL MDL MRL.
Analyte Method (mgrl) (rmg/L) {mg/kg) (rrg/kg)
Alkalinity EFA 310.1 0.37 i -
Ammacnia nitrogen EPA 350.2 015 1 5.2 20
Chloride EPA 300.0 1.5 2 15 20
Sulfate EPA 300.0 1.5 5 15 50
Silica EFA 3701 0.024 o1 2 -
Total dissclved solids EPA 160.2 6.14 30 -
Percent sclids EFPA 160.3 -- -
Specific gravity (density)  ASTM 1429-95 -- -
Haxavalent chromium EPA 7196A £.003 0.01 013 1
Arsenic (HI / V) EPA 1632A 00001 7.00002 00005 /7 .0001 -
CoD EFPA 410.4 6.41 50 =

Note: -
can
EPA
MDL
MRL

- not applicable

- chermical oxygen demand

- W.S. Environmental Protection Agency
y

- method detection limit
- method reparting lirit

? Lirnit depends on armount of sample used in analysis.
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Health and Safety Plan Addendum
to the

Site-Wide Health and Safety Plan tor the Avtex Fibers

Superfund Site, Front Royal, Virginia

Introduction

This document is a health and safety plan (HASP) addendum to the site-wide HASP for
the Avtex Fibers Superfund Site (Site), Front Royal, Virginia, dated September 1999,
The Site-Wide HASP was prepared by FMC Corporation and presents site information,
including the location, contacts, background, scope of work, site visitor requirernents,
chemical and physical hazarcls, medical surveillance requirements, site and emergency
comtrol, work zones, personal protective equipment, air monitoring, decontamination
procedures, and general safety and emergency procedures. Site workers will be required
to conform to the requirements of the Site-Wide HASP and the additional task-specific
requirements contained in this addendum.

This addendum was prepared to address health and safety issues for field work outlined
in the Exponent Field Sampling and Analysis Plan (FSAP), to which this HASP is
appended. The following field activities are covered by this addendum:

Monitoring well installation in overburden (hollow-stem auger
drilling) and bedrock (reverse-circulation air-rotary drilling}

Groundwater sampling downgradient of the plant area using a
Gee»pr()bc:@ g

Site-wide groundwater sampling and collection of water-level
measurements

Wellpoint installation and pore-water sampling; and collection of solid
samples within viscose basins 9, 10, and 11 using a hollow-stem auger
drill rig

Hydrological testing (single-well pump tests and infiltrometer tests} at
viscose basing 9, 10, and 11,

Task Hazard Analysis

The chemical hazards present at the site were evaluated using data from 1994, A list of
chemical hazards and permissible exposure limits is presented in Table I, along with the
range of concentrations observed in groundwater, viscose basin pore water, and viscose

Shouldsr lidaagrovpsproductions8s00a20. 002
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waste material. Chemicals that will be used onsite to decontaminate equipment and
preserve samples ate listed in Table 1.

The significant chemical hazards present (inhalation and skin/eye contact) are carbon
disulfide, acetone, methylene chloride, and hydrogen sulfide. Other chemicals that pose a
hazard for incidental ingestion include bis(2-ethylhexyl) phthalate, polychlorinated
biphenyls (PCBs; plant area only), metals, and cyanide. The risk of chemical exposures
for workers performing field activities within viscose basins 9, 10, and 11 is greater than
for those performing work cutside the basins, due to the potential for prolonged contact
with the waste viscose. For this reason, requirements for use of personal protective
equipment (PPE) are different for workers in the basins and those outside the basins. The
procedures that will be used to minimize physical hazards are presented in the following
sections.

Potential physical hazards of site activities include heat stress, slips within the viscose
basins, soft ground properties within the viscose basins, and hazards associated with

. , - . - ® .
working around a drill rig and Geoprobe™ rig.

Health and Safety Personnel Responsibilities
) F

The site safety officer (SS0) or the SSO’s assistant is responsible for frequently
observing drilling operations for compliance with all health and safety procedures. The
S5O or assistant will also survey all drilling locations prior to the start of drilling to
ensure that the drilling can be conducted safely. The SSO or assistant shall ensure that
freld activities are performed in accordance with the HSAP, and shall alert the
appropnate site personnel in the event of an emergency. The SSO or assistant shall
conduct a field safety meeting prior to or at the end of each day’s field work to
cornmunicate and address safety concerns.

The task-specific field team leaders (FTL) will be responsible for ensuring that workers
under their direction conform to the health and safety procedures contained in this
document. The FTL is responsible for conducting and recording the results of all air
monitoring for site chemical hazards. Monitoring shall be conducted at the start of each
day, when a new borehole is started, or when a new groundwater well is sampled. Air
monitoring shall be conducted at a frequency that ensures an appropriate level of personal
protection.

Site Communications

The SSO and FTLs will have two-way radios or cell phones available on site. If two-way
radios are used, radio checks initiated by the SSO will be performed at the beginning of
zach day and periodically throughout the day. Radio checks will be documented in the
SS0’s site log book.

bouliderlidata/groupaprodiclions8500a20. 002
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Work Zones

Exclusion zones will be established with stakes, flagging, and/or cones so that a 10-foot
perimeter is created around all sampling activities. In the viscose basins, a barrier may be
placed on the access roads leading to the work area. A contamination reduction zone will
be marked with stakes, flagging, and/or cones, and will be placed immediately adjacent to
the exclusion zone. The support zone will consist of all areas outside the exclusion and
contaminate reduction zone.,

Heat Stress

PPE requirements for this field investigation and the likelihood that the sampling will
occur in the summer makes heat stress a significant physical hazard for all field activities.
Heat stress will be monitored using the employee’s heart rate and body temperature,
following the procedures in SOP 420 (attached). In an effort to prevent heat stress, shade
tarps will be used where feasible to shield workers from the sun. If needed, cool vests
may be used underneath PPE coveralls.

An important factor in preventing heat stress is ensuring that workers are drinking
enough water to replenish body fluids lost through sweating. Too ensure that employces
working within the exclusion zone can drink water without risking contact with
contaminants, a cooler will be provided containing small volume single-use water
containers. The single-use water bottles can be accessed after workers remove their
contaminated gloves and don clean latex gloves. After removing a bottle from the cooler,
the bottle should be consumed in its entirety and discarded. Al partially consurmed water
bottles will be discarded and should not be placed back into the water cooler.

Personal Protective Equipment

The following section presents task-specific PPE that will be used in addition to the
equipment specified in the Site-Wide HASP (Section 7).

Personal Protective Clothing

The medified level D and level C equipment lists for all field activities, excluding sample
handling and decontamination, will include rubber safety-toed boots, polyethylene-coated
Tyvek® QC coveralls (hooded), and outer Protector™ nitrile/natural rubber gloves, with
inner latex gloves. Drillers will wear outer work gloves (to be disposed of at the end of
drilting) over outer nitrile gloves (6 mil) with tnner latex gloves. All employees working
within viscose basins @, 10, and 11 will wear 4H® booties inside their rubber safety-toed
boots. All wrist and ankle joints will be sealed and secured with duct tape.

Onsite personnel who will be handling samples (including staff recording inforniation
into logbooks) and performing onsite decontamination will use the equipment described

Heoulder 1/data‘groupsiproductians §600a20. 007 ﬂ ﬂ' ":; r) Q7
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above, with the exception of the gloves. Personnel handling samples will use outer nitrile
gloves (6 mil) with inner latex gloves. Staff involved in decontamination activities will
Iy o oLt @ .
use North SilverShield” gloves.

Respiratory Protection

Modified level D protective equipment is expected to be used for all sampling activities.
Air monitoring will be performed, and if it is necessary to upgrade to Level C, full-face
air-purifying respirators will be available for each employee. The full-face respirators
will be equipped with organic vapor/acid gas/P95 particulate filter cartridges. Upon
finalization of the project schedule and selection of the project field team, 2 memo will be
attached to this addendum outlining the specific respirator models and cartridges that will
be used during the field activities. The memo will also provide specific change schedules
for all cartridges.

Level B work is not expected nor covered by this HASP addendum. If air monitoring
indicates that Level B work is needed, and engineering controls (i.e., fans) are not

effective in reducing concentrations to Modified D or C action levels, then the area wll
be vacated and an alternative plan will be developed to safely complete the work activity.

Personal Air Monitoring

The following items will be used to monitor chemical exposure onsite. Action levels for
site activities are presented in the following section.

Items used {0 monitor chemical exposure onsite

Site Chemicals

Menitoring Instrument.

Carbon disulfide,
acetone, and miror
organic compounds
present onsite

Hydrogen sulfide and
comhustible gases

Total dust (assumed 1o
be equal to total
respirable dust for this
project); BEHP, PCBs
and metals present in
dust

Hydrogen sulfide and
methylene chloride

Carbon disulfide

Carbon disulfide and
hydrogen suliide

Photovac MicroTip HL-2000 (10.6 ev lamp) phote ionization
detector (P1D} calibrated to 100 ppm isobutylene gas and
programmed to a response factor (RF) of 1.4 (carbon
disulfide). MNote: acetone RF = 1.2, hydrogen sulfide RF = 3.7

Industrial Scientific Corporation ATX612 multi-gas monitor
(02, lower explosive limit or LEL, H,S, CO)

MIE minirarn

Sensidyne® gas sampling system with chemical-specific
detector tubes

Drager pump and detector tubes

Chromair™ colorimetric badges (8-hr TWA concentrations)

AoukderTidata/grougs/proauctions 880a2'0.002
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Action Levels

The following section presents action levels that will be used onsite to guide the selection
of PPE levels. The photoionization detector (PID), multi-gas meter, and MIE minirarn
will be used for the initial determination of airborne chemicals. Depending on the results
of this screen, other sampling methods may be required to select the appropriate level of
PPE. All workers will be outfitted initially with modified level D apparel. Exceedances
of action levels will cause employees to upgrade to level C or to vacate the work area.
The action levels are summarized in the following table, along with procedures 1o address
action-level exceedances. The action level for respirable dust has been lowered to

4 ml;g;/m3 (OSHA PEL = 5 mg/m’), because this is the concentration of dust in air where
tead concentrations would exceed the PEL for lead, assuming that concentrations in
waste viscose would be similar to concentrations in dust generated from the waste
viscose.

Drilling Operations

The onsite drill team leader shall visually inspect all drill rigs at the start of the day to
ensure that equipment is in geod working condition. If repairs are needed, they will be
performed prior to restarting the drilling program. All drill rigs shall be equipped with a
Class ABC fire extinguisher, and field staff shall be aware of the fire danger that the field
equipment poses to vegetation. Utility clearances will be performed for all drill holes
prior to the start of the ficld investigation. Drill rigs and field sampling activities shall be
situated such that the borehole is located downwind of all staff. This will minimize the
potential for chemical exposure and will direct velatiles and gases away from workers.

Irt an event of a drill rig collapse, the drill rig operator will shut down the drill rig (if it
can be performed safely) and the field staff will contact the SSO. The S50 will tnform
the site manager and initiate emergency response procedures, if required.

When drilling in the viscose basins, plywood or some other type of material may be
needed under the tires of the drill rig to keep the rig from sinking. If this is required, the
rig shall be placed in park while boards are maneuvered in front of it. The rig shall
remain in park until the operator can visually account for all field staff, who will
assemble on the driver’s side of the rig.

k] -
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Action levels to guide the selection of PPE levels

Montitoring Gompound Action Level Response -
Instrument

Multi-gas meter Hydrogen =10 ppnn Leave area (go upwind) and

setalarm at 10 sLilfide attempt to ventilate work area. if

pprn) still greater than 10 ppm, then

leave work area and contact site
safety officer.

Multi-gas rmeter Combustible 10%-20% of LEL Use non-sparking tools and

{set alarm at 10% gas (applicable continue to monitor.

of LEL) to dritiing only)

Multi-gas meter Combustible 220% of LEL Shut down drifl rig and leave area
(set alarm at 10% gas (applicable (go upwind). Attempt to ventilate
of LEL) to drilling only) the work area. If concentrations

do not dissipate, stay clear of the
work area and contact the S50.

MIE miniram PDust =4 mg/m® Upgrade to Level C,

MIE miniram Dust 2400 mg/m”® Leave site and contact S80.

FID Carbon =10 ppm Use a detector tube to determine
disulfide the concentration of methylene

chloride and carbon disulfide. If

zarbon disulfide is between

10 pprn and 60 ppm and

methylene chloride is less than

25 pprm, then upgrade to Level C —
and continue working.

Draeger tubes Carbon 260 ppm Leave site and contact the SSO.
disulfide

Sensidyne® bes Methylene =225 ppm Leave site and contact the S50,
chlaride

Chromair™ Carbon >10 ppm Upgrade to level C for the

colorimetric badge  disulfide concentration in remainder of the task work activity,

<8 hours
Chromair™ Hydrogen =10 pprn Leave site for the day and contact
colorimetric badge  sulfide concentration in the S50,

<8 hours
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Standard Operating Procedure

Heat Stress Prevention And Monitoring
SOP 420

Introduction

Heat stress poses a serious threat to the health of workers conducting hazardous matenal
or chemical investigations at industrial and other facilities. This threat is increased for
workers wearing chemical protective clothing or personal protective equipment (PPE)
because the impermeable clothing does not allow sweal to evaporate and cool the body,
Depending on ambient conditions, the work being performed, and other factors, heat
stress may affect workers at temperatures as low as 70°F (adjusted for humidity and
sunlight; see Monitoring for Heat Stress, below) and can occur rapidly, with workers
suffering acute symptoms in less than 15 minutes. Even relatively minor symptoms of
heat stress can result in impaired functional ability, threatening the safety of the worker
and his or her companions. Thus, heat stress can present as great a health risk to workers
as chemical hazards or traditional physical hazards such as falling objects and confined
spaces. This SOP presents information on heat-related illnesses, factors that influence
heat stress, monitoring for heat stress, and heat stress prevention.

Heat-Related llinesses

A common factor in heat-related illnesses is the failure of the worker to recognize the
symptoms of heat stress. All personnel should become familiar with the symptorns of
heat stress and appropriate first aid precautionary measures.

Table 420-1 provides information on the types of heat-related disorders and procedures
for treating them. Heat stress can result in minor symptoms such as heat rash, heat
cramps, discomfort, and drowsiness. Prolonged heat stress can result in more severe
effects, such as heat exhaustion and heat stroke. Heat rash is a relatively minor form of
early heat stress that results from prolonged contact with wet clothing. Heat rash can be
prevented by allowing the skin to dry completely during rest periods and by showering as
soon as possible at the end of the work day. Although heat cramps and drowsiness are
generally of minor concern, these symptoms may also result in impaired functional
ability, which in turn may threaten the safety of the individual and coworkers.

Heat cramps, heat syncope, heat exhaustion, and heat stroke all result from excessive loss
of body fluids and electrolytes. The symptom of heat cramps is spasms in the abdomen or

420-1
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TABLE 420-1. HEAT DISORDERS

Ciisorder

™ "
ause

Signs

Treatment

Heat rash

Heat syncope

Heat cramps

Heat exhaustion

Heat stroke

Heavy sweating, drinking
large volumes of water
without replacing salt loss

Lack of acclimatization,
pooling of blood in the
legs

Heavy sweating, drinking
large volumes of water
without replacing salt loss

Sustained exertion in
heat, fack of
acclimatization, failure to
replace water andfor sall

Sustained exerion in
heat, excessive exposure
to heat, lack of physical
fitness, alcoholism and
drug abuse, dehydration,
ardiovascular disease

Profuse tiny raised
vesicles, prickly skin

Fainting while standing,
immaohile in heat

Painful spasms of
muscles used during
work; coof, moist skin

Fatigue, nausea,
headache, moist and
clarnmy skin, pale
complexion, delirium,
diarrhea, cramps

Headache; rapid pulse;
dizziness, nausea;
confusion; convylsions;
flushed, dry skir high
body ternperature; loss
of consciousness; coma

Remove from source of
heat; allow skin to dry
completely during rast
periods; shower as soon
as possible after work
day

Remove to cooler area

Frovide fluids that
replace salts and protein,
allow 1--3 days of rest,
depending on the
severity of the aftack

Remaove to cooler area,
provide cool water and
salted fruit or protein
drinks

Call emergency medical
services (often 911)
immediately; place the
warker in a cool, shady
area; remove their
clathing, then sprinkle
their entire body with cool
water; also cool by
fanning; treat for shock

limbs. Heat syncope is a pooling of blood in the lower extremities, which may result in
fainting when the worker stands up suddenly or has been immobile. Heat exhaustion,
caused by more severe dehydration, has the following symptoms: pale, clammy skin,
profuse sweating; weakness: headache; and nausea. Heat stroke (sometimes called
sunstroke) is a life-threatening condition that occurs when the body’s temperature-
regulating system no longer functions properly. Heat stroke requires immediate redical
attention. Symptoms of heat stroke include hot, dry skin; a high fever (often 106°F or
more); dizziness; nausea; rapid pulse; and unconsciousness. Brain damage and death
may follow if the body temperature is not reduced.

Workers must learn to recognize that dizziness, nausea, headaches, skin rashes, muscle
cramps, and pale or clammy skin are symptoms of heat stress and act promptly when suf-
fering these symptoms. Woerkers may not realize the risk they face by ignoring these
symptoms and staying in the work area until overcome by heat stress or suffer other inju-
ries of heat stress-related impairment. Critical factors in the prevention of heat stress

420-2
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include a proper work regimen and the intake of adequate replacement fluids and electro-
lytes.

Factors Influencing Heat Stress

Many factors determine an individual’s susceptibility to heat stress. Environmental
factors include the ambient temperature, humidity, and presence or absence of cooling
breezes or shade. The nature of the work being performed, including the level of
physical activity, the degree of permeability and the number of [ayers of protective
clothing, and the time of day that the work is being performed affects the level of heat
stress.

Some workers are predisposed towards suffering heat stress. Factors that could increase
a worker’s susceptibility to heat stress include degree of physical fitness, lack of
acclimatization, age, dehydration, obesity, alcohol and drug use, infection, sunburn,
diarrhea, and chronic disease.

Workers who have acclimated to working in hot climates or in PPE will be less likely to
suffer heat stress, Acclimated individuals typically have lower heart rates and body
temperatures than nonacchimated workers. Acclimated workers also sweat sooner and
more profusely than those not acclimated to high temperatures or the use of PPE
{acclimated individuals may sweat more profusely when wearing PPE than
nonacclimated workers, thus increasing their risk of dehydration). The National Institute
of Occupational Safety and Health (NIOSH) recommends a progressive 0-day regimen (o
allow a worker to acclimate to work in a hot environment, especially when wearing PPE
(this program begins with 50-percent exposure, then lengthens the staying time by 10
percent each subsequent day). A individual’s capacity to work in hot environmenis
generally decreases with age. According to NIOSH, however, an older person in peak
physical condition may have a greater work capacity than a less fit, younger worker.
Thus, physical fitness is a more significant factor than age when determining an
individual’s work capacity. Weight is usually a significant factor when determining the
ability of an individual to work in a heated environment because overweight people have
a lower surface area to mass ratio and, thus, can not dissipate heat as well as shimmer
people. Weight is not as significant a factor when wearing PPE, as the impermeable
garments tmpede the dissipation of body heat regardless of the individual’s weight.

Monitoring For Heat Stress

To ensure the safety of workers wearing impermeable or semipermeable encapsulating
PPE, NIOSH recommends that heat stress monitoring be implemented at temperatures
above 70°F, using an “adjusted temperature.” The adjusted temperature is calculated by
determining the ambient terperature (using a standard thermometer, shielded from heat)
and adding the total of 13 x the percentage of sunshine (complete overcast = () percent
sunshine and no cloud cover = 100 percent sunshine). For example, for an ambient
temperature of 80°F and 80 percent sunshine, the adjusted temperature would be 90.4°F

420-3 AR301988
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(80+[13x0.80]==90.4). The effect of heat stress on the body may be monitored using the
techniques described below. Recommended intervals for physiological monitoring when

wearing permeable or impermeable work clothes are shown in Table 420-2.

TABLE 420-2. SUGGESTED FREQUE
FOR FIT AND ACCLIMATI

NCY OF PHYSIOLOGICAL MONITORING
D WORKERS"

Adjusted Air Temperature” Normal Work Ensermnble® Impermeable Ensemble
90°F or above Aftar @ach 45 minutes of work After each 15 minutes of work
(32.2°C)
87 .5°--00°F After each 60 minutes of work After each 30 minutes of work
(30.8°-32.2°C)
82 .5°-87.5F After each 90 minutes of waork After each 60 minutes of work
(28.1°-30.8°C)
77.5°-8B2 5°F After each 120 minutes of work After each 90 minutes of work
(25.3°-28.1°C)
72.5%--77.5F Afler each 150 minutes of work Aftar each 120 minutes of work

(22.5°-25.3°C)

Source: NICSH (1985).
 For work level of 250 kilocalories/hour (moderate work activity).

® Calculate the adjusted air temperature {ta adj) by using this equation: ta adj °F = ta °F + (13 x -
percent sunshine). Measure air temperature {ta) with a standard, mercury-in-glass thermormeter, with

the bull shielded from radiant heat. Estimate percent sunshine by judging what percent of time the

sun is not covered by clouds that are thick enough to produce a shadaw (100 percent sunshine = no

cloud cover and sharp, distinct shadows; 0 percent sunshine = no shadows).

© A normal work ensemble consists of cotton coveralls or other cotton clothing with long sleeves and
pants.

Heart Rate

To monitor the effect of heat stress on the worker using the heart rate method, the worker
must measure his or her heart rate over a 30-second period as soon_as possible at the
beginning of each rest break. The pulse should be taken at the radial (wrist) artery, not
the carotid {(neck) artery. When monitoring heart rate, the following guidelines apply:

o [f the worker’s heart rate does not exceed 110 beats/minute, proceed as
before

420-4
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* If the worker’s heart rate exceeds 110 beats/minute at the beginning of
the rest period, shorten the next work cycle by one-third and keep the
rest period the same

» If the worker’s heart rate exceeds 110 beats/minute at the beginning of
the next rest period, shorten the next work cycle by another one-third.

Exponent recommends the use of heart rate monitoring as the minimum heat stress
monitoring technique.

Body Temperature

To monitor the effect of heat stress on the worker using the body temperature method, the
worker should use a clinical thermometer (3 minutes under the tongue) or a ear
thermometer at the end of each work period, but before taking a drink. When monitoring
body temperature, the following guidehines apply:

» [f the body temperature does not exceed 99.6°F, no action is needed

* [f the body temperature exceeds 99.6°F at the beginning of the rest
period, shorten the next work cycle by one-third and keep the rest
period the same

o If the body temperature exceeds 99.6°F at the beginning of the next
rest period, shorten the following work period by one-third

o If the body temperature exceeds 100.6°F at the beginning of any rest
period, the worker should not be permitted to wear impermcable
clothing.

Body Water Loss

To monitor the effect of heat stress on workers by measuring body water loss, the
workers must weigh themselves with a scale accurate to within 0.25 b at the beginning
and end of each work day. Their weight for the beginning and the end of the work shift
should be taken while wearing similar clothing or, for greatest accuracy, when nude.
Fluctuations in weight (between the beginning of the shift and end of the shift) indicate
the gain or loss of body tluids, thus revealing if fluid replenishment has been effective.
Body weight loss in a work day should not exceed 1.5 percent of total body weight.
Where such weight losses occur, more attention should be given to fluid replacement
during subsequent work shifts.

420-5 AR30199p
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Electronic Monitors

Electronic monitors that constantly monitor a worker’s heart rate and core temperature
have recently been developed. These devices utilize sensors that are held in place on the
worker’s chest with an elastic band and are programmed to account for the worker’s age
and type of protective clothing. The worker’s heart rate and core temperature are
monitored, and lights illuminate on a small pad (wom on the outside of the PFE) to
indicate one of the following conditions: the worker may continue as before, the worker
has only a limited amount of work time left, or the worker should exit the work area
immediately. These devices also include audible alarms and can be set to download heat
stress data to a printer at the end of a shift.

Other electronic monitors are designed to measure adjusted (ambient) temperatures and
“an be programmed to account for the level of worker activity and type of protective
clothing. These devices can calculate stay times (the amount of time the workers in the
area may remain in that area at the current activity levels) and can also log conditions
encountered. These devices do not actually monitor the effects of heat stress on the
workers, but may be used to implement heat stress prevention measures.

Heat Stress Prevention
Several means are available to decrease or prevent the effects of heat stress.

An effective means of preventing heat stress is to schedule work in the ceol parts of
day—early mornings, evenings, or at night. If the heat source is mechanical (e.g., caused
by a power plant or production equipment), it may be possible to schedule the work
during hours when the facility is inoperative.

Engineering methods may be used to cool workers regardless of the time of day. These
methods frequently involve the use of cool vests (ice packs womn under PPE in a special
vest), circulating air (often associated with powered air-purifying respirators that utilize
hoods rather than sealed facepieces), or in extreme cases, circulating liquids through
specially designed suits. Other engineering controls to prevent heat stress include
erecting a shelter to protect workers from direct sunlight or the circulation of air through
the work place. In some instances, deluge showers can be constructed within the
exclusion zone or in the decontamination area that allow workers wearing fully
encapsulating PPE to stand under a shower of cold water. The deluge shower is an
efficient means of providing relief to the worker without requiring the worker to proceed
through decontamination and exit from the work area.

A critical element in an effective heat stress prevention program is to ensure that workers
maintain a normal level of fluids within their bodies. To prevent heat-related illness, the
worker’s intake of fluids must approximate the amount of fluid lost (e.g., the worker must
drink 8 oz of water for every 8 oz decrease in body weight). The sensation of thirst is not
a reliable indicator of fluid loss. When heavy sweating occurs, it is essential that workers
increase their fluid intake. The following guidelines may be useful:
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« Provide fluid replenishment beverages at the work site, cocled to
50-60°F (appropriate beverages include water and diluted fruit juices
or Gatorade™)

« Have workers drink 16 oz of fluid prior to working in a hot environ-
ment

» Encourage workers to drink 8-16 oz of liquids every 15-20 minutes,
or at each rest break, NIOSH recommends that workers consume a
total of 1-1.5 gal of fluids/day, although a greater quantity may be
required.

Scheduling rest periods to break up work periods is essential to prevent heat-related
illnesses. It is difficult to establish a rigid schedule that spells out the staying time and
rest breaks based on temperature alone because other factors, such as the level of physical
activity and the type of protective equipment, play a significant role in determining an
individual’s susceptibility to heat stress. The recommended course of action 18 10 use the
guidelines for physiological monitoring provided in Table 420-2 to schedule the initial
work period, then vary the length of the break and the next work period based on the
physiological responses of individual workers to the work load. If the workers are
engaged in strenuous activities, are not acclimated to the work environment, or are not in
peak physical condition, the work interval should be shortened significantly, and
monitoring continued.

Individual Responsibilities

In preventing heat stress, it is essential that the individual monitor his or her own
symptoms and promptly take steps to remedy any signs of heat stress. Such steps include
notifying coworkers of his or her condition and taking whatever measures may be
necessary to alleviate the symptoms by tuking a break, increasing the intake of fluids,
instituting environmental controls (such as the use of cool vests or circulating air),
assuming less strenuous duties, or implementing appropriate first-aid procedures as
indicated in Table 420-1. No field monitoring program can substitute for the individual’s
sense of their own health and physical limits.

Reference

NIOSH. 1985. Occupational safcty and health guidance manual for hazardous waste site
activities. Prepared by the National Institute for Occupational Safety and Health,
Occupational Safety and Health Administration, U.S. Coast Guard, and U.S.
Environmental Protection Agency. U.S. Department of Human and Health Services,
Fublic Health Service, Public Health Service, Centers for Disease Control, National
Institute for Occupational Safety and Health, Washington, DC.
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onent

Heat Stress Monitoring Record

Project Title/Numbet

Site Name/Location

Tirme Work Started Initial Temperature . Fooce

Adjusted temperature at hour: [= Afbient air temp + (13 x % sunshine
% sunshine = estimate based on: 1007 = no clowd cover, distinct shadews; 0% = no shadows

MR ::::::::::n:::::::::i::::::::::::::::::: ::::::::: :::::::::: ::::::::::LIIIIIIIiIiIIiIIIIiiIIIiIiiIIIIIIIII

1. Time of break
2. Heart rabbody (emperature
3. ie, break lengthened, cool vests worn, elc.

Data collected by

Print vame Sigratire
Monitoring Guidelines
1. Heart rate—monitor the radial pulse (wrist) ag socn as possible at the beginning of the test period.

If the rale excecds 1 1) beats per minute, shorten the next work cyels by cne-third and keep the rest period the
same.

If the heart rate still exceeds 110 heats per minute at the next rest period. shorten the following work one-third.

o

Body temperature--use a clinical thermometer for 3 minutes under the tongue Lo measure oral
termperature of an car thermometer nomediatety following the work period (before drinking).

If the temperature ¢xceeds 99.6° F (37.6° 2), shorten the next wotk cyele by ene-third withoul changing the rest
period.

If oral temperature still exceeds 99.6° F (37.6% C), at the heginming of the next rest perind, shorten the tollowing
work cycle by one—third.

If the temperature cxceeds 100.6° F (38.1°Ch do not permit the worker o wear an impenneable ganment.
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FIELD BOREF

OLE LOG RE

[

PORT F*pone)

Clignt. Contraed Ne.
Site/ Location Boring No. Sheet.._. of_..
Location Skatcin /"‘\) DrilNeg) Mintheod
N Erehisie Dlsnwsler
North Sampling Method
Dritkrigy Comvirachor
Exponsnt Stafl
g' Cute Start Date ! Tena
&
gg Thne
iﬁ ::i Diepth tor VWintir Finigh Dale ! Tine
=S Casing / Auger
Ground Suripcn Elevation Dwmnhs e
.i . . Surface Conditions
| g (k| & ; .
$= s H i q H i § -
} Ii !‘5? = _-E :%, E; ? th £F Deascrplion - USC group name, minor components color,
g , !ég i L E =S| mwoistuns (particie angulerity, shepe, pl ity, odor, } V. Commaents
’ : 582 danuity, tation, geolegic inkamprotation, drilling conditions) . '
P
e -
S/
> A
/// -
- 1
V4
s -
d
/
/ 7
/
/
/ ]
/
s
/// 7
/
/
|/ -
H /
e
A /// ==
/
7’
/’/ -
/
/
/// ]
/
s
/// 7
/ I
/ 1 17
/// i -
/
i
] s ]
] i /
7’
e -
s
y L]
S -
o
A1 T
. -
| [
s
S
V4
- -
/
y L
|~ 1]
/ |
//’ L
/
KEYS T2 SAMPLES: TYPES OF S0IL SAMPILEFS: ABEREVIATIONS:
[5=2] Indicates 5ampie Intsrval E’;E’:‘S'g:ﬂ:ﬁ:“ Moors |U-Type HS - Hoad Space
£3E2] indicaton Analytical Samply Collmcted spyg,su,"d,nﬂ|:.n.nﬂﬂm,n-n::; BE - Brsathing Zone

FIELD BOREHOQLE LOG RPT.MT 498 WA
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MONITORING WELL
CONSTRUCTION DIAGRAM

Project Name

Eponent

Contract No,

Well Location

Muonitoring Well No. Boring No.

Installed By

Method of Installation

ObservedBy ______ Installation: Date ____________ Time

Total Depth (f)

Screened Interval

Meaguremani Flisar ~---—-—-- ‘

{above/below) Grownd
(, MSLY

l[)rqu:e;(tf&iuufsums-tnasﬁrE;—

Type of Surface Seal

IDType of Riser Pipe |

)

Type of BackfliQuantity |

! bags

----------------------- Elevation al Top :nl ‘Well Pipe
____________ k.
Ground Elevation _____ . (M, MSL)
Depth of Surface Seal __________ (")
Depthof Seal ______ ()

Type of SealiQuantity

I bags

Cenfralizers at

Depth of Top of Filler Pack
Depth of Topof Screen _________ [{i)]

(ft)

'Fy:uancd'Fﬁﬂharl’iu:k!ﬁ)uﬁnniﬁ;r-

iDfypo cd Screen _________

/ bags

Diameter of Boring |

Screan SiotStze

I Type of Surface Casing

inches

13npemﬂ3ma:drltﬂf!!amﬂcﬁﬂusha;ﬁrl
below Well

Depth of Botiom of Screen ________ (")

Depth of Botiom of Plugged
Blank Casing __________ (ft)

Comments

Depthof Borng ________ "

MA COMBTR. DIAGRAM.M7 /05 WA
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‘1!15”]\’ Designation: D 3385 - 94
b l 4

Standard Test Method for

nfiltration Rate of Soils in Fie
Infiltrometer? ‘

:En:nzﬂzrab;ﬁbr.n&e.gpez@ﬁh:)azar-qf]}ﬁluzI4Jnk#iJ&as'bmkn1.aaky1nﬁd

1. Scope , _

1.1 This test ruethod describes a procedure for field
measurement of the rate of infiltration of liquid (typically
water) into soils using double-ring infiltrometer.

1.2 Soils should be regarded as natural occurring fine or

patural soils and processed rmaterials, or other porous
materials, and which are basically insoluble and are in
gcenrdance with requirements of 1.5.

1.3 This test method is particularly applicable to relatively
wniform fine-grained soils, with an absence of very plastic
(fat) clays and gravel-size particles and with moderate to low
resistance to ring penctration.

1.4 This test method may be conducted at the ground
surface or at given depths in pits, and on bare soil or with
vegelation in place, depending on the conditions for which
infiltration rates are desired. However, this test method
cannot be conducted where the test surface is below the

vund water table or perched water table,

1.5 This test method is difficult to use or the resultant
dita may be unreliable, or both, in very pervious or
impervious soils (soils with a hydraulic conductivity greater
than about 10™2 cm/fs or less than about 1 X 10~ cm/s) or in
dry or stiff' soils that most likely will fracture when the rings
are installed. For soils with hydraulic conductivity less than 1
X 1076 co/s refer to Test Method D) 5093,

1.6 This test method cannot be used directly to determine
the kydraulic conductivity (coefficient of permea bility) of the
il (see 5.2),

I L7 The values stated in SI units are to be regarded as the
! standard.

L8 This standard does not purport to address ali of the
afety concerns, if any, assoctated with its wse. It is the
esponsibility of the user of this standard to establish appro-
Mriate safety and health practices and determine the applica-
biliry of regulatory limitations prior to use.

2, Referenced Docum ents
L1 ASTM Standards:

T,TI&S‘CSIIINSUJG(Iis under the jurisdiction of ASTM Committee D18 on Soil
! “Fkiaruiis the direct responsibility of Subcommirtee 118,04 on Hyvdrologic
"Erties of Soil and Rock.

Furvent sdition approved Sept. 15, 1994. Published November 1994, Originally
MNIHJij—?ilnﬂpmﬁmmmﬂkm[ﬂH&LJW

coarse-prained soils or processed matenals or mixtures of

Id Using Double-Ring

This standard is issusd under the fixed designation 1D 3385; the numbey immedliately following the designation indicates the year of
tJrhjﬂlal:uquJnknn-or;irntln:(:ra::)f:tndsiowx,the:)tunrcurlaslltnnhdcul.#\|nuutﬂncri11;xan:ndku:uz;incﬁcaues the year of last reapproval. A
superseripn epsilon {¢) indicates an editorial change since the last cevision o reapproval.

This standard has been approved for use by agencies of the Department of Defense. Consult the Dol Index of Specifications and
g o apecyf

by the Department of Defense

2653 Terminology Relating to Soil, Reck, and Contained
Fluids?

D 1452 Practice for Soil Investigation and Sampling by
Auger Borings?

D 2216 Method for Laboratory Determination of Water
{Moisture) Content of Soil, Rock, and Soil-Agprepate
Mixtures

D 2488 Practice for Description and Identification of Soils
(Visual-Manual Procedure)?

125093 Test Method for Field Measurement of [nfiltration
Rate Using a Double-Ring Infiltrometer With a Sealed
Inner Ring?

3. Terminology

3.1 Definitions:

3.1 incremental infiltration velocity—the quantity of
flow per unit area over an increment of time. It has the same
units as the infiltration rate.

3.1.2 infiltration—the downward entry of liquid into the
soil.

313 infiltration rate—a selected rate, based on measured
incremental infiltration velocities, at which liguid can enter
the soil under specified conditions, including the presence of
an excess of liquid. It has the dimensions of velocity (that is,
cmiem™2 h™! = ¢cm h™').

3.1.4 infiltrometer—a device for measuring the rate of
entry of liquid into a porous body, for example, water into
s0il.

3.1.5 For definitions of other terms used in this test
method, refer to Terminology D 653.

4. Summary of Test Method

4.1 The double-ring infiltrometer method consists of
driving two open cylinders. one inside the other, into the
ground, partially filling the rings with water or other liquid,
and then maintaining the liquid al a constant level. The
volume of liquid added to the inner ring, to maintain the
liquid level constant is the measure of the volume of liguid
that irfiltrates the soil. The volume infiltrated during timed
intervals is converted to an incremental infiltration velocity,
usually expressed in centimetre per hour or inch per hour
and plotled versus elapsed time. The maximu m-sicady state
or average incremental infiltration velocity, depending on
the purposefapplication of the test is equivalent to the
infiltration rate.

2 Anmal Book of ASTM Standords, Vol 04.08.
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FIG. T Infittrometer Construction
5. Significance and Use

3.1 This test method is useful for field measurement of the
infiltration rate of soils. Infiltration rates have application to
such studies as liquid waste disposal, evaluation of potential
septic-tank disposal fizlds, leaching and drainage efficiencies,
irrigation requirements, water spreading and recharge, and
canal or reservoir leakage, among other applications.

© 5.2 Although the units of infiltration rate and hydraulic

conductivity of soils are similar, there is a distinct difference
between these two quantities. They cannot be directly related
unless the hydraulic boundary conditions are known, such as
hydraulic gradient and the extent of lateral flow of water, or
can be reliably estimated.

3.3 The purpose of the outer ring is to promote one-
dimensional, vertical flow beneath the inner ring.

5.4 Many factors affect the infiltration rate, for example
the soil structure, soil layering, condition of the soil surface,
degree of saturation of the soil, chemical and physical nature
of the soil and of the applied liquid, head of the applied

liquid, temperature of the liquid, and diameter and depth of

embedment of rings.® Thus, tests made at the same site are
not likely to give identical results and the rate measured by
the test method described in this standard is primarily for
comparative use

3.5 Some aspects of the test, such as the lergth of time the
tests should be conducted and the head of liquid to be
applied, must depend upon the experience of the user, the
purpose for testing, and the kind of information that is
sought.

&. Apparatus
6.1 Infiitrometer Rings—Cylinders approximately 500

3 Discussion of factors affecting infiltration rale is contaioed in the follovring
reference: Johnson, A. I, A Field Method for Measurement of tnjilration, U S.
Geological Survey 'Water-Supply Paper 1544-F, 1963, pp. 4-9

th D 3385 !lk

mmﬁﬂmjmgmwﬂmmmde%mmmmmmmmmdm
mmUZMMmﬁmlhmmmﬂmmmmmdmmmumwm
the ratio of the outer to inner cylinders is about twg
Cylinders can be made of 3-mm (Y-in.), hard-alloy, ap,
mirtum sheet or other material sufficiently strong to win
stand hard driving, with the bottom edge bevelled (ser

1). The bevelled edges shall be kept sharp. Stainless (o
strong plastic rings may have 1o be used vvllenn|‘u;cxrl:irug,\wiu
corrosive fluids. l

6.2 Driving Caps—Disks of 13-mm (%-in.) thick hirg. |
alloy aluminum with centering pins around the edge, o
preferably having a recessed groove about 5 mm {0.2 i)
deep with a width about 1 mm (0.05 in.) wider than 1he
thickness of the ring. The diameters of the disks should ke
slightly lacger than those of the infiltrometer rings. :

6.3 Driving Equipment—A 5.5-kg (12-1b) mall or sledp
and a 600 or 900-mm (2 or 3-f1) length of wood approg
mately 50 by 100 mm or 100 by 100 mm (2 by 4in ordby
4 in.), or a jack and reaction of suitable size.

6.4 Depth Gage—A hook gage, steel tape or rule, or lengty
of steel or plastic rod pointed on one end, for use j
measuring and controlling the depth of liquid (headl) in th
infiltrometer ring, when either a graduated Mariotte tube g
autornatic flow control system is not used. :

6.5 Splash Guard—Several pieces of rubber sheet o
burlap 150 mm (6 in.) square.

6.6 Rule or Tape—Two-metre (6-t) stezl tape or 300-mg
( 1-11) steel rule. _

6.7 Tamp-—-Any device that is basically rigid, has a handk

’"Ukﬁhﬁlknguhamdlmmzlummmm

not less than 550 mm (22
foot with an area ranging from 650 to 4000 mm? (1 1o 6iny
and a maximum dimension of 150 mm (6 in.). "
6.8 Shovels—One long-handled shovel and one trenchi-
spade,
6.9 Liquid Containers: -
6.9.1 One 200-L (55-gal} barrel for the main Licpuid
supply, along with a length of rubber hose to siphon ligui
from the barrel to fill the calibrated heac tanks {see 6.9.3)
6.9.2 A I3-L (12-gqt) pail for initial filling of th
infiltrometers. e
6.9.3 Two calibrated head tanks for measurement of
liquid flow during the test. These may be cither graduate
cylinders or Mariotte tubes having 2 minimum volime |
capacity of about 3000 mlL (see Notes | and ? and Fig. ). |

Note §-—It is useful 10 have one head 1ank with a capacity of thre
times that of the other because the area of the annular space between the
rings is about three times that of the inner ring. f

NoTE 2——In many cases, the volume capacity of these calibrated head
mﬂmmn%ﬁmmwmwhmnmm3%0memﬁMWﬁmmﬂmm
to continue overnight. Capacities of about 50 L (13 gal) would not b
UNCOmMIon.

6.10 Liquid Supply—-Water, or preferably, liquid of the
same quality and temperature as that involved jn the
problem being examined. The liquid used must be cher-
cally compatible with the infiltrometer rings and othe
equipment used to contain the liquid.

hbﬂzJnﬂhOMmmrmnhnmnhﬂWnnMnmnugmﬂﬁwmdﬂdeh
free from suspended solids and the temperature of the liquid should b
higher than the soil temperature. This will tend 10 avoid reduction o
infiltration from blockage of voids by particles or gatses coming ot of
sclution,

AR302002 J
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pitg e < " vateh w
in) 6. Q 1 IPPf:ltdﬁi czr_.,ugsynxtw?thh-——-!\ stopwatch would only be
“48 required for high infiltration rates.
bl 6.12 Level-—A carpenter’s level or bull’s-eye (round) level
6.13 Thermometer—With accuracy of 0.5°C and capable
of measuring ground temperature.
quid| 6.14 JQnyibfhev'JFilzfrrrrLe?'!ﬂHKHQIYkﬁLl
quid| 6QH-pHﬁﬁnymgmH&blpmmmuxn&
3 .16 JQh?cwaryiirag; 114521\?!7£1!SL——tF{€hCi)lfi tmc"ad<si‘ zlfudl ggrzigih
the | E;?;u:r,1au'sqpn:cujll.Fcnr[rts with graph section (see Fig. 3 and Fig,
S I
¢t ol 6.17 Hand Auger—Orchard-type (barrel-type) auger with
ated | P5-tum (3-in.) diameter, 225-mm (9-in.) long barrel amd 2
ame |11h1)Et=JJ<;§(ienjLIthre:lhmiltlrrleu:_ft)r knocking sample out of the
2). auger, This apparatus is optional.

6.18 Floar Valves—Two constant level float valves {car-
three§  buretors or bob-float types) with support stands. This appa-
nte g ratus is optional.
ren ﬁuI;;' (:1)}1?r3: and J[)g;rrnnngv: if!;gtj: :Skzr—i));-:—JFEJu‘ l(?rlg¢4h;11nn
ata 161810 which evaporation of fluid from the infiltration rings
ot bt and unsealed reservoirs can occur {see §.2.1)

‘ 7. Calibration

:ﬂ: 11 Rings: ‘ )

ot 11.1 [)M:leu:nnqnnn: the area f)! each rning and the E:runnuﬂalr

thet Space between rings before initial use and l)fﬂﬁaqwz reuse after
anything has occurred, including repairs, which may affect

i the test resuits significantly.

dte 1.1.2 Determine the area using a roeasuring technique

ddte “ﬂhwmumnﬁdﬁancntnﬂhmxmnuwwﬁflﬁ&

02 y 7.1.3 The area of the annular space between rings is equal

10 the internal area of the 600-mm (24-in.) ring minus the
©iternal zrea of the 300-mm (12-in.) ring.
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Nore—Constant-level float valves have been eliminated for simplfization of the illustration
Ring Installation and Mariotte Tube Details

7.2 Liguid Comtainers—For each graduated cylinder or
graduated Mariotte tube, establish the relationship between
the change in elevation of liquid (fluid) level and change in
volume of fluid. This relationship shall have an overall
accuracy of 1 %.

&. Procedure

8.1 Test Site:

8.1.1 Establish the soil strata to be tested from the soi
profile determined by the classification of soil samples from
an adjacent auger hole

NOTE 4—-For the test results to be valid for soils below the test zomne,
the soil directly below the test rone must have equal or greater flow rates
than the test zone.

8.1.2 The test requires an area of approxdmately 3 by 3 m
{10 by 10 ft) accessible by a truck.

§.1.3 The rest site should be nearly level, or a level surface
should be prepared,

$.1.4 The test may be set up 1n a pit if infiltration rates are
desired at depth rather than at the surface.

8.2 Technical Precautions.

£.2.1 For long-term tests, avoid unattended sites where
interference with test equipment is possible, such as sites
near children or in pastures with livestock. Also, evaporation
of fluid from the rings and unsealed reservoirs can lead o
errors in the measured infiltration rate. Therefore, in such
tests, completely cover the top of the rings and unsealed
reservoirs with a relatively airtight material, but vented to the
atmosphere through a small hole or tube, In addition, make
measurements to verify that the rate of evaporation in a
simifar test confipuration (without any infiltration into the

333
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FiG. 3 Data Form for Infiltration Test with Sample Data
soil) is less than 20 % of the infiltration rate being roeasured.  block around the edge of the driving cap every one or two|
8.2.2 Make provisions to protect the test apparatus and  blows so that the ring will penetrate the soil uniformly. A
fluid from direct sunlight and temperature variations thatare  second person standing on the wood block and driving cap develc
large enough to affect the slow measurements significantly,  will usually facilitate driving the ring, and reduce vibrations 84
especially for test durations greater than a few hours or those and disturbance. tude ¢
using a Mariotte tube. The expansion or contraction of the 8.3.3 Center the smaller ring inside the larger ring and 5.
air in the Mariotte tube above the water due to terperature  drive to a depth that will prevent leakage of the test {luid 1o £.3.
changes may cause changes in the rate of f!crvv of the liquid  the ground surface surrounding the ring, using the samt nng(s)
:frc>r§| ltbﬁillll)ft‘vllli€11 will result in a fluctuating water level in technique as in 8.3.2. A depth of between about 50 and 100 excess
the infiltrometer rings. ) mm (2 and 4 in.) is usually adequate. techni:
8.3 Driving Infiltration Rings with a Sledge: 8.4 Driving Infiltration Rings with Jacks: 8.5.
. . L L , 8.4.1 Use a heavy jack under the back end of a truck to} ring(s)
Note 5— ] th a jack is preferred; see 8.4, - . o - i
ot 5—Driving rings with a jack s preferre drive rings as an alternative 1 the sledge method (see 8.3). | adjace:
8.3.1 Place the driving cap on the outer ring and center it 8.4.2 Center the wood block across the driving cap of the] soil is:
thereon. Place the wood block (see §.3) on the driving cap. ring. Center 2 jack on the wood block. Place the top of the] 8.6
8.3.2 Drive the outer ring into the soil with blows of a  jack and the assembled items vertically under the previouslyf  8.6.)
heavy sledge on the wood block to a depth that will {a) pasitioned end of a truck body and apply force to the ring by§ stant |
prevent the test fluid from leaking to the ground surface  means of the jack and truck reaction. Also, tamp near thil space ¢
surrounding the ring, and (b) be deeper than the depth to edges or near the center of the ring with the rubber mallet, &) liquid
which the inner ring will be driven. A depth of about 150  slight tamping and vibrations will reduce hang-ups and] Mario
rrn {6 in.) is usually adequate. Use blows of medium force  tilting of the ring. 1.2
to prevent fracturing of the soil surface. Move the wood 84.3 Add additional weight to the truck if needed wf .
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FliG. 4

develop sufficient force to drive the ring.

8.4.4 Check the rings with the level, correcting the atti-
tude of the rings to be vertical, as needed.

8.5 Tamping Disturbed Soil:

8.5.1 If the surface of the soil surrounding the wall of the
ring(s) is excessively disturbed (signs of extensive cracking,
excessive heave, and the like), reset the ring(s) using a
technique that will minimize such disturbance.

8.5.2 If the surface of the soil surrounding the wall of the
ring(s) is only slightly disturbed, tamp the disturbed soil
adjacent to the inside and outside walk of the ring(s) until the
soil is as firm as it was prior to disturbance.

8.6 Maintaining Liquid Level:

8.6.1 There are basically three ways to maintain a con-
stant head (liguid level) within the inner ring and annular
space between the two rings: manually controlling the flow of
liquid, the use of constant-level float valves, or the use of a
Mariotte tube.

8.6.2 When manually controlling the flow of liquid, a
lepth gage is required to assist the investigator visually in

335

y
LT T L T T
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maintaining a constant head. Use a depth gage such as a steel
tape or rule for soils having a relatively high permeability; for
soils having a relatively low permeability use a hook gage or
simple point gage.

8.6.3 Install the clu.pth gag'u..., constant-level wvalves, or
Mariotte tubes as shown in Fig. 2, and in such a manner that
the reference head will be at least 25 mm {1 in.) and not
greater than 150 mm (6 in.). Select the head on the basis of
the permeability of the soif, the higher heads being required
for lower ]pvnne‘alnhly soils, Locate the depth gages near the
center of the center ring and midway between the two rings.

§.6.4 Cover the soil surface within the center ring and
between the two rings with splash guards (150-mm (6-in.)

square picces of burlap or rubber sheet) to prevent erosion of

the soil when the initial liquid supply is poured into the
rings.

8.6.5 Use a pail 1o fill both rings with liquid to the same
desired depth in each ring. Do not record this initial volume
of liguid. Remove the splash goards.

8.6.6 Start flow of fluid from the graduated cylinders or
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Mariotte tubes. As soon as the fluid Jevel becomes basically
constant, determine the Muid depth in I]1¢:.ianuel'1:Enu; and in
lhnmmhmmmnommmmmummM%MWMMWHWMH
or tape measure. Fecord these depths. If the depths between
the inner ring and annular space varies raore than 5 mm (%
in.), raise the depth gage, constant-leve] float valve, or
.hm[auricurberluuﬂnf:.tuaﬁfirlg:lhhu: shallowest depth

£.6.7 Maintain the liquid leve] at the selected head in both
the inner ring and annular space between rings as near as
possible throughout the test, to prevent flow of fluid from
one ring to the other.

NOTE 6~-This mest likely will require either a continuing adjust.
ment of the flow control valve on the graduated cylinder, or the uss of
constant-level [haan:\ulbvczk.ﬁl1na;1h1-cluarug:.hn ternperature may eliminate
use of the Mariotre tube,

8.7 Measurements:

&IImmWMMHMMMMmmmmmnmmmmmMMmm
300 mm (12 in.), or at the mid-depth of the test zone.

8.7.2 Determine and record the volume of liquid that js
added to maintain a constant head in the inner ring and
anmular space <1l1:i|15;-ezicﬂhl:rirnuhnug interval by measuring the
change in elevation of liquid ievel in the appropriate
graduated cylinder or Mariotte tube. Also, record the tem.
perature of the liquid within the inner ring

8.7.3 For average soils, record the volume of liquid used
at intervals of 15 min for the first hour, 30 min for the
second hour, and 60 IIlirl1Chuuri[ug;Illf:l13[IlaHHn11€:r-ch:1 period of
at least 6 h, or until afier a relatively constant rate is
obtained.

8.7.4 The appropriate su:l:elexle:1cn?1nszuthhqus.lnlzlyritn: deter-
111i11enj!t):ll)r1nhuncnqull- xperience. For tthgll-[)ernnnu:zﬂtdﬂjlzf mate-
rals, readings may be more frequent, while for low-perme-
ability materials, the reading interval may be 24 b Or more.
In any event, the volume of liquid used in any one reading
interval should not be less than approximately 25 ¢,

8.7.5 Place the driving cap or some other covering over
the rings during the intervals between liquid measurements
to minirize evaporation {see 8.2.1),

8.7.6 Upon completion of the test, remove the rings from
the soil, assisted by lipht hammering on the sides with a
rubber hammer.

9. Calculations

9.1 Convert the volume of liquid used during each
measured time interval into an incremental infiltration
velocity for both the inner ring and annular space using the
fi)llcruvir1g;qsclllannh3u15:

RLlHnmcmMHMgmMMMnmmmmx

Vir = AV /(A A0)
where:
Vie = hHWTrk@jncmmmnnaLhmmmmknlwﬂodﬁncmm&h
AVip = volume of liquid used during time interval to
maintain constant head in the inner ring, cm?,

Ay wiMﬂmd&umJanﬁm;mﬁumd
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At

= time interval, k.
9.1.2 For the annular space between rings calculate

follows:

Ve=arv, My 00)

where;

r

|

A¥

.n" A

19

field records, or both:

10101,

Lig

should be recorded.

4 = annular space incremental infiltration Vel ey, fy

h,
Q==w%mtof%mmlmmtmmmlmmimwmn
maintain constant head jn the annular space b
tween the rings, cm?, and
= area of annular space beiween the rings, cm?,

1
r

. Report .
10.} Report the following information jn the repori’y

10.1.1 Location of test site.

10.1.2 Dates of test, start and finish,
10.1.3 Weather conditions, start to finish
10.1.4 I\Ieu::ue(f“}-cmF“tew:I:rlicizlrr(s)u
IQMSDmmmmnmﬁmﬁmhmmmmhmMmmmqm

10.1.6 Type of liquid used in (he test, along with
uid’s pH. If available, a full analysis of the liquid ajy

10.1.7 Areas of rings Eunud!IJH&:.aJ1I1IJ]£lr‘S]JEhCi:|tK!t\~!hE11 ring |
10.1.8 Volume constants for graduated cylinders g

Mariotte tubes.
10.L.9 Depth of liquid in inner ring and annular space,

10110 Record of ground and lguid lemperatures, iocp.
mental volume measurements, and incremental infiltratisg

ve]

odmmﬁmnnﬁmymdammhrmmm}wmmsﬂmmﬁﬁm:

TMHmmmhﬁmmﬁWHMthmmw@mwmﬂ%ﬁ |
for inner ring and annular space differ. The differ, 1

ran:

e

es is due to divergent flow.

mﬂJlIfaWMmm;dqmlqum water table and 3
description cxfWLtue-snnils:f})lxrrcl'tnat\awecnit1ﬂhm: rings and the water

tab

le, or to a depth of about I'm{3f).

10.1.12 ﬁ\pkntﬂWmmincummnnaIhﬂnhaﬁonrﬂm~umms
total elapsed time (see Fig. 4),

10.2 An example field records forem is given in Fig. 3

10.3 See Appendix X1 for information on the determina
tion of the moisture pattern. !

t1. Precision and Bias

IIJiNoﬂMammnonnmdﬂonamﬂﬂmcnnb&mmkdm.

10

that might be used in ll]iSil]?S]ﬁlﬂﬁﬂitll(ht[‘jElE!:ﬂHUﬂDE‘()f't}lE!lﬂ]i[n)

fac

affect the results, the recorded infiltration rate should be |
considered only as an index value,

12. Keywords
121 coefficient of permeability, hydraulie conductivity,

infi

the variability in soils tested and in the types of liquid

tors related to the soils, as well as the liquids that may

iltration rate; infiltrometer; ill-ﬁﬂhHUEIhE!Hhhnug; Mariotte tube
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APPENDIX

(Nonmandatory Information)

X1, DETERMINATION OF MOISTURE PATTERN

X 1.1 Although not considered a required part of the test
method, the determination of the moisture pattern in the
moistened soil beneath the infiltration rings commonly
provides information useful in interpreting the movement of
liquid through the soil profile. For example, horizontal liquid
movement may be caused by lower-permeability lavers and
will be identified by a lateral spreading of the wetted zone.
Thus, the exploration of the soil moisture pattern below an
jnfiltration test in an unfamiliar area may identify subsurface
conditions that may have affected the test and later applica-
tions of the data,

X1.2 If the investigator wishes to make such a study, dig a
trench so that one wall of the trench passes along the center

line of the former position of the rings. Orient the trench so
that the other wall is illuminated by the sun, if the day is
sunny. If feasible, dig the trench large encugh to include all
of the newly moistened area. Collect samples from the
shaded wall of the trench for determination of water content
If preferred, an auger, such as the orchard barrel type, niay
be used to determine the approximate outline of the moist-
ened area below the rings and to collect samples for water
content.

X1.3 Plot the visibly moistened area on graph paper or on
the cross-section part of the report form (see Fig. 4). If
samples were collected and water contents were determined,
contours of water content also can be plotted on the g aph.

The American Socierty for Testing and Materfals takes no position respecting the valicity of any patent rights asserted in connection

with any item mentioned in this standlard. Use

‘(n’thﬁ!:shinchzndlsra-euumw;ssly.achn@uad.nuar1jeferrnh1ar&1n.oflvnalvaﬁkh?y'cd‘afur:much

patent rigitts, auwd‘uhe-nﬂuka)finwnhu;evnwnvr:n'sun:h-r@;hfs.Jnnsnenrh1ub'tht#r{:unn.nes;xmnsitﬂﬁn;

?15ﬂ=:n:u1ukuzris-scdzhmsrtrlrew#sﬁsxlaw.aanfﬁwnibe‘nha-nes;nansﬁtds.hm:huutamfctu1n7nhnae.ancf:nuu;rtnsn1avﬂyn«aa'eowujrfﬁfalytumniimnc
# nxn&navisecﬁ-aﬂﬂharrtﬂqu;»1rvecicu-un?hunﬂaunq.1ﬁsuuwccvnunwu1n:tu1;1nwdnauhaﬁ1narItwnnevﬁsﬁmv‘thhis:mhznckmudn)rrtv.ackiﬂﬂanuuﬁsmanktazuu
and shouhd be addressed to ASTM Headquarlers. Your comments will recahae careful consiceration at 3 meeting of the responsible
tachnical committes, which you ﬂlay’!ﬂf&rni.lijth’E!N'hﬂ&ﬂ.ytlﬂ'thDﬂ1ﬂ18rﬂS!fH!VG'rN!fIEKNEﬁﬂeo’EIfadrJﬁeéuingrjh)U‘Sfﬂ)UﬁJ'ﬁﬂEUﬂ?]thﬂ
viaws known (o the ASTM Committee on Standards, 1§15 Race St., Philadelphia, PA 197103
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ql r M Designation: D 2488 - 93

Standard Practice for.
Desc

Procedure)’

trllllltlll'l and Identification of Soils (Visual-Manual

This. standard is issued under the fixed designation D 2483; the number immediately following the designation indicates the vear of
original adoption or, in 1he case of revision, the year of kst revision. A number in parentheses indicales the year of last reapproval. A
superscript epsibon (¢) indicates an editorial change since the last revision or reapproval.

This stondard hos been approved for use by agencies of the Department of Defense. Consult the Dol Index of Specifications and
Standards for the specific year of issue which kas been adepred by the Department of Defense.

1. Scope

1.1 This practice covers procedures for the description of

solls for enginesring purposes,

1.2 This practice also describes a pracedure for identifying
soils, at the option of the user, based on the classification
system described in Test Method D 2487, The identification
is based on visual examination and manual tests. It must be
clearly stated in reporting an identification that it is based on
visual-manual procedures.

1.2.1 When precise classification of soils for engineering
purposes is required, the procedures prescribed in Test
Method ID 2437 shall be used.

1.2.2 In this practice, the identification portion assigning
a group symbol and name is limited to soil particles smaller
than 3 in. (75 mm).

1.2.3 The identification portion of this practice is limited
to naturally occurring soils (disturbed and undisturbed).

NoTE -—-This practice may be used as a descriptive system applied
ta such materials as shale, claystone, shells, crushed rock, et {See
Appendix X2,

1.3 The descriptive information in this practice may be
ysed with other soil classification systems or for materials
other than naturally occurring soils.

1.4 This standard does not purport to address all of the
safety problems, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health praciices and derermine the applica-
bility of regulatory limitations prior to use. For specific
precautionary statements see Section 8.

1.5 The walues stated in inch-pound units are to be
regarded as the standard.

2. Referenced Documents

2.1 ASTM Standards:

D653 Terminology Relating 10 Soil, Rock, and Contained
Fluids?

D 1452 ]F'rac‘tlc1= I'c» Soil Investigation and
Auger Borings?

D 1586 Test Method for Penetration Test and &
Sampling of Soils*

Sampling by

Split-Barrel

! This pracno- is under the jurisdiction of ASTM Committee D-18 on Soil and
Rock and is the direct responsibility of Subcommittee DI18.0Y on 1dentification
and Classification of Soils,

Current edition approved Sept. 15, 1993, Published Novernber 1993, Originally
published as [ 2488 - 66 T. Last previous edition [0 2488 - S0,

* Anmical Book of ASTM Standards, Vol 04.08.

228

1"' 1587 Practice for Thin-Walled Tube Sampling of Sot!
2113 Practice for Diamond Core Drilling for Si
hnvc" tigation?
[ 2487 Classification of Soils for Engineering Purpos
(Unified Soil Classification System)®
34083 Practice for l_)em-npuon of Frozen Scils (Visu:
Manual Procedurs)?

3. Terminclogy

3.1 Definitions:

3.1.1 Except as listed below, all definitions are in acco
dance with Terminology D 633,

Note 2-—For panticles retained on a 3-in. (75-mm) US standa
sieve, the following definitions are suggested:
Cobbles-—particles of rock that will pass a 12-in. (30{-mm) squa
opening and be retained on a 3-in. {75-mrm) sieve, and
Boulders-—panticles of rock that will not pass a 1
SQUATE OPEning.

Z-in. (300-me

3.1.1.2 clay—-soil passing a No. 200 (75-um) sieve th
can be made to exhibit plasticity (putty-like propertie
within a range of water contents, and that exhibits conside
able strength when air-dry. For classification, a clay is
fine-grained soil, or the fine-grained portion of a soil, with
plasticity index equal to or greater than 4, and the plot .
plasticity index versus liguid limit falls on or above the *2
line (see Fig. 3 of Test Method 1D 2487).

3.1.1.3 gravel—particles of rock that will pass a 31
(75-raum) sieve and be retained o a No. 4 (4.75-mm) sie
with the following .;ubdivii-;'iun 5

coarse——passes a 3un. (75-mm) sieve and 15 retained on
Ya-in. (19-mm) steve,

Jine—passes a Ya-in. (19-mm) sieve and is retained on
No. 4 (4. 75 mm) sieve.

3.1.1.4 grganic clay—a clay with sufficient organic co
tent to influence the soil properties. For classification, :
organic clay is a soil that would be classified as a clay. exce
that its Hquid limit value afier oven drying is less than 735
of its liquid limit value before oven drying.

3.1.1.5 organic silt—a silt with sufficient organic conte
to influence the soil properties. For classification, an organ
silt is a soil that would be classified as a silt ¢ '«utpt that i
liquid fimit value afier oven drying is less than 75 % of
liuid limit value before oven drying.

3.1.1.6 peat—a scil composed primarily of vegeiable tiss
in various stages of decomposition usuwally with an orgar
odor, a dark brown to black colar, a spongy consistency. an:
texture ranging from fibrous to amorphous.

3117 sand-—particies of rock that will pass a No,

AR302008
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GROUP_SYMBOL

g <% plus No. 200 ===

e
o
e
e

ClL. =

",
",
-,

GROUP NAME

== V6% ples No, 200 Lo clry
T 16.25% phus No, 200 =sezzzsoom—dee 96 wand 2% gravil ———-- = Laan cloy with saed

T 9 ganed <% gravel = Lagn clay with gravel

— ar % 3200d ~am < 15% gravel - Sanchy loan clary
™ 250% plus No, 200~ =i Gancly leaty clavy with gravel
T o sand <%, grovel -z ===8= Gravally lean clay
. Ll L3 P R - Gravelly bean clay with sand
_apr 30% plos Mo, 200 ~==zz—-a= <T5% plus No. 200 in- Sidt
-_,—-"— T 95.25% plus No, 200 “mmegzmm——] »= 3% sane 2> % gravel ——— - §ilt with sancl
ML '=.'.:__ T %, sand <% gravel =-—-— = Silt with gravel
""‘*-..,._ - % sl 2% of grawe| mezzm————— - < V5%, gravel —— ——=am Sancly wilt

S 30% phas Mo, 20 <

e % sand <% gravel ez

~ e V5% grawe] ——
- < 1E% sand -

—ae Sanchy yilt with gravel
-a= Gravelly sikt

B L A T R = Gravelly silt with sand
v <30% plus No. 200 =ezz—— P <15 pluy Mo, 2040 - Fat clay
—,--—" """" ~ie Eatt elay weith s
CH <:::\ —=¥= Fat clay with gravel
‘--.._‘“‘“ ________ -——a= Sandy fat clay
" 30% plus Mo, 200 =<2 ~=-m= Sandy fat clay with gravel
—~m= Gravally Tat chay
--------------- ~m= Gravelly Tat cley with sand
g <<30% plus No, 200 - Elastic silt
'_,,-"' - % sand 2% gravel ———- e Elastic silt withy sarnd
W] H <<::: - % sand <% gravel - -~ [Elastic yilt with gravel
i . - - <2 15% gravel ——— - Sarudy elastic silt
T 230% plus Ne. 2002~ T e > 155 gravel Sandy elastic sile with gravel
---- e % sand <% gravel —mmcoo ot <T15% 20e e Graneelly wlastic gilt
hhhhh 2 15% sand e Gravelly elastie il with sand

. Note—Percentages are based on estimating amounts of fines, sand, and gravel to the nearest 5 %.
FiG. 1a Flow Chart for Identitying Inarganic Fine-Grained Soil (50 % or more fines)

{4.75-1m) sieve and be retained on a No. 200 (75-jum) sieve
with the following subdivisions: ]
. coarse-—-passes a No. 4 {4.75-mm) sieve and is retained on
2 No. 10 (2.00-mm) sieve.

mediurm-—passes a No. 10 (2.00-mm) sieve and is retained
on a No. 40 (425-pm) sieve.

Sine-—passes a No. 40 (425-pm) sieve and is retained on a
No. 200 (75-pm) sieve. '

3118 silt—soil passing a No. 200 (75-pm) sieve that is
ronplastic or very slightly plastic and that exhibits little or no
strength when air dry. For classification, a silt is a fine-
graived soil, or the fine-grained portion of a soil, with a
Plasticity index less than 4, or the plot of plasticity index
versus liquid limit falls below the “A” line (see Fig. 3 of Test
Method D 2487).

GROUP SYMBOL

4. Summary of Practice

4.1 Using visual examination and simple mantial tests,
this practice gives standardized criteria and procedures for
describing and identifying soils. .

4.2 The soil can be given an identification by assigring a
group symbol{s) and name. The flow charts, Figs. la and 1b
for fine-grained soils, and Fig. 2, for coarse-grained soils, can
be used to assign the appropriate group symbol(s) and name.
If the soil has properties which do not distinctly place it into
a specific group, borderline symbols may be used, see
Appendix X1, '

Note 3--It is supgesied that a distinction be made between duaf
symbols and borderfine symbols.

Duaf Symbol-—A dual symbol is two symbols separated by a hyphen,
for example, GP-CGM, SW-SC, CL-ML used 10 indicate that the soil has
been identified as having the propenties of a classification in accordance
with Test Method D 2487 where (wo symbols are required. Two
symbols are required when the soil has between .5 and 12 % Fnes or

GROUP NAME

v <30% phus Mo, 20Q ===z <15% plus No. 200 o= Owganic woil
e T 16.25%. plug No, 204 =gz - 4% sand 2% groveb——————- = Qrgarie 1o with wnel
'O'-L ,’ (:) I-'l "::‘_ % sanel <% gravel -- - Qrganic 3ol with gravel
e .

- cwaree]

TS 530% plus Mo, 200 =

> < 15% granral ==— » Sendy oeganic soil

- 2 15% gravel -————-————— Sandy organic soil weith gravel
- <2 15% san) o = Gravelly ocganie soil
e L T R P~ Gravelly organic 5oil with wend

“k’“E~-4’erczn1uagnms:ana based on estimating ameunts of fines, sand, ard gravel o the nearest 5 X,
FIG. 1b Flow Chart for Identitying Organic Fine-Grained $oil (50 % or more fines)
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GROUP SYMBOL GROUP NAME

-
6% Tines A == Well-graded » (.‘Il‘wr < 15% sanel ——————am. Woll-graded gravel
\\ Vil g actodt gravel with sand
/ \ Ponrly graded L G.IF’ ______ < 5% sand ———-—- #= Poarly gradud gravel
/ T 2 15% sand =--——- = Poarly graclued gravel woth sand
~
// o Well graded —ezs - = lines=ML or MH ————————— - 'G V" a N‘ o= w15 % sand —————as ‘Wall.graded grawel wieh plt
GRAVEL ’,,—" __________ -. — == Wall-graded grivetl with st snd 1amg
% praovel > -< ------ o= 10% Tines --’.:_._\ Bl 2T L A | ——— - (G- '..'i o -0 'Wlel-graded groee with clay
% tand \"\,h g =~ Well-graded gravel with chay and sang
\\ T Piarly gided -mezsm——————wmtn fingy =ML 13 M~ 1] ) — - Poorly graded gravel with sit
\ - — -o= Poorly graded gravel with st and sar
1Y I fines=CL er CH —m- Pooely graded grivel with chay
\‘ _____________________ #= fines=MIL nr R¥H
= lings=CL or CH
et Wellgraded - Wel graded 1ard
<H% tines -==:::__ - Wall-groded sand with graved
J T Poorly graded « Poorly grivdind sarw
/ - Poorly pradd sact with gravel
// P Bt L 0F M oo »SW-§ M s P <T15% gravel -—-~—=-w Virllqaced sand with it
/ _wr Well-graded By SW-SC = Wrll-graclod sand with silt and g svel
SANG T T finSL of CH ey LR+ D - < 15% - Wil grached sand with ¢lay
% sand 2§ o+ 1% Fines 4<,’_: oo Watl gt acion sand with clay and gravet
% grovel N el et AL or MH e =SP-SM ——r Pocirty sl sand with silt
T4 Poorly praded-=ez2Z T PR - Faorly yacled sand with vilt and giave
N e LR [T LY o R | [— TR S p— Paarly gaded sand with clay
\ 5% gravel ———4r Poorty graded tend with ¢lay wnd gray
\\ __________________________ - Fines=HL or MH SM e <15% gravel ————ae Silfy sud
215% Vineg -—em==z2zZZTTT0 e % geavel ——-—3= Sty aned with grawel
- T fines=Cl o CH SC ~—~a- Chrpey 1ard

Wore-—Percentages are based on estimaling amounts of fines, sand, and gravel
FIGi.

when the liquid limit and plasticity index values plot in the CL-ML area
of the plasticity chan. .

Borderline Symbol—A borderline symbol is two symbols separated
by a slash, for example, CL/CH, GM/SM, CL/ML. A borderline symbxol
should be used to indicate that the soil has been identified as having
properties that do not distinctly place the soil into a specific group (see
Appendix X 3).

5. Significance and WUse

3.1 The descriptive information required in this practice
can be used to describe a soil to aid in the evaluation of its
significant properties for engineering use.

5.2 The descriptive information required in this practice
should be used to supplement the classification of a soil as
determined by Test Method D 2437

5.3 This practice may be used in identilying soils using the
classification group symbols and names as prescribed in Test
Method D 2487, Since the names and symbols used in this
practice to identify the soils are the same as those used in
Test Method [ 2487, it shall be clearly stated in reports and
all other appropriate documents, that the classification
symbol and name are based on visual-manual procedures.

5.4 This practice is to be used not only for identification
of soils in the field, but also in the office, laborator , or
wherever soil samples are inspected and described.

5.5 This practice has particular value in grouping similar
mﬁlmnnpkﬁsothal0nW11nﬂnhnumlnmmbmrofhbonﬁonf
tests need be run for positive soil classification.

NOTE 4-The ability to describe and identify soils correctly is learned

more readily under the guidance of experienced personnel, but it may
also be acquired sysiematically by comparing numerical laboratory test

23

to the rearest 5 %,

2 Flewr Chart tor Identifying Coarse-Grained Soils (less than 50 % fines)

results for typical soils of each type with their visual and manual
characteristics.

5.6 When describing and identifying soil samples from a
given boring, test pit, or group of borings or pits, it is not
necessary to follow all of the procedures in this practice for
every sample. Soils which appear to be similar can be
grouped together; one sample completely described and
identified with the others referred to as similar based on
performing only a few of the descriptive and identification
procedures described in this practice.

5.7 This practice may be used in combination with
Practice I 4083 when working with frozen soils.

6. Apparatus
' Required Apparatus:
A1 Pocket Knife or Small Sparufa.
Y Usefid Auxiliary Apparatus:
I Small Test Tube and Stopper (or jar with a lid).
.2 Small Hand Lens,

1. Reagents

1.1 Purity of Water—Unless otherwise indicated, refer-
ences to water shall be understood to mean water from a city
water supply or natural source, including non-potable water.

7.2 Hydrochloric Acid—A small bottle of dilute hydro-
chloric acid, HCI, one part HCI (10 N) to three paris water
(This reagent is optional for use with this practice). See
Section 8.

0
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8. Safety Precantions
8.1 When preparing the dilute HCI solution of one part

concentrated hydrochloric acid (10 N) to three parts of

distilled water, slowly add acid into water following necessary
safety precautions. Handle with caution and store safely. If
solution comes into contact with the skin, rinse thoroughly
with water,

8.2 Caution—Do not add water to acid.

9. Sampling

9.1 The sample shall be considered to be representative of
the stratum from which it was obtained by an appropriate,
accepted, or standard procedure,

NoTe 5---Preferably, the sampling procedure should be identified as
having been conducted in accordance with Practices D 1452, 1D 1587, or
D 2113, or Method D 1586.

9.2 The sample shall be carefully identified as to origin

Nom: 6—Remarks as to the origin may take the form of a boring
humber and sample number in conjunction with a job number, a
eeologic straturn, a pedologic horizon or a location description with
respect 10 a permanent monuwment, a grid system or a station number
and offset with respect to a siated centerline and a depth or elevation.

9.3 For accurate description and identification, the rmin-
imum amount of the specimen to be examined shall be in
TABLE 1 Criteria for Describing Angularity ol Coarse-Girained
Particles (see Fig. 3)

n
I 3

il;:!i'"i ' 4|“

[d} Subangular

Typit:el Angularity of Bulky Grains

accordance with the following schedule:

Mirimum Specimen Size,
Dy Weight
100 g (0.25 Th)
200 g (0.5 by
1.0 kg (22 1t)

Maximnum Pasticle Size,
Sieve Opening

4,75 mrm (No. 4)
9.5 mm (¥ in.)
19.0 mtn (¥ in}
38,1 mro (14 in) 8.0 kg (15 1)
75.0 mra (3 in.) 60.0 kg (132 by
Note 7--If randorn isolated particles are encountered that are
signilicantly larger than the particles in the soil matrix, the soil matrix
tan be accurately described and identified in accordance with the
preceeding schedule,

9.4 If the field sample or specimen being exarnined is
smaller than the minimum recommended amount, the
report shall include an appropriate remarl.

10. Descriptive Information for Soils

10.1 Angularity—Describe the angularity of the sand
(coarse sizes only), gravel, cobbles, and boulders, as angular,
subangular, subrounded, or rounded in accordance with the
criteria in Table 1 and Fig. 3. A range of angularity may be
stated, such as: subrounded 1o roundec

10.2 Shape-—Describe the shape of the gravel, cobbles,
and boulders as flat, elongated, or flat and elongated if they
meet the criteria in Table 2 and Fig. 4. Otherwise, do not
mention the shape. Indicate the fraction of the particles that
have the shape, such as: one-third of the gravel particles are
fat.

10.3 Color-—Describe the color. Color is an important
property in identifying organic soils, and within a given

ot S i
Description Lritaria TABLE 2 Criteria for Describing Particle Shape (see Fig. 4)
gt Particles hi L relati lane sices with b :
Argtar ; a:x;;:;L:::::Z;f;:;sg:figﬁr;.anclreﬂannnehfla.mne IOk Wi The particle shape shall be described as foiows wherg lengih, wictth, and
eSS -~ ickness refer to the grealest, intermediate, and least dimensions of cie,
Subangular Particles are similar to angulsr description but have 'T"Ck'm?f s refer o the grealest, intermediate. ' cees of & part
b . respeciively.
rounded edges
Subrourded articles have nearly plane sides but have wel-rounded Flat Farticles with width/thickness = 3
comners ard edges Elongated Particles with kergthpwicdth 5> 3
Rounded Paricles have smoothly curved sides and o edges Flat and elongated Farticles meet criteria for both Mat and elongated

231
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PARTICLE SHAPE

W= ‘N l Dl T F 'l
=THICKNESS
L=LENGTH

FLAT: W/T>3
ELONGATED: L/W >3
FLAT AND ELONGATED:
—meets both criteria
FlG. 4 Criteria for Paricle Shape

TABLE 3 Criteria for Describing Woisture Condition

Dascription Criteria
Dry Absence of moisture, dusty, dry to the touch
Moist Darap but no visible waler
Wet Vigiile free water, usually soit is below water table

locality it may also be useful in identifying matenals of

similar geologic origin. If the sample contains layers or
patches of varving colors, this shall be noted and all
representative colors shall be described. The color shall be
described for moist samples. If the color represents a dry
condition, this shall be stated in the report.

10.4 Odor—Describe the odor if organic or unusual. Soils
containing 2 significant amount of organic material usually
have a distinctive odor of decaying vegetation. This is
especially apparent in fresh samples, but if the samples are
dried, the odor may ofizn be revived by heating a maistened
sample. If the odor is unusual {petroleum product, chemical,
and the like), it shall be described.

10.5 Moisture Condition—Describe the moisture condi-
tion as dry, moist, or wet, in accordance with the criteria in
Table 3,

10.6 HCl Reaction—Describe the reaction with HCL as
none, weak, or strong, in accordance with the critera in
Table 4. Since calcium carbonate is a common cementing
agent, a report of its presence on the basis of the reaction
with dilute hydrochloric acid is important,

232

TABLE 4 Criteria for Describing the Reaction With HCI

Description Criteria
None My visibe reaction
Weak Some reaction, with bubbies forming siowly
Strong Vickent reaclion, with bubbles formirg immedi;

TABLE § Criteria for Describing Consistency

Description Criteria

Very soft Thumb: will penetrate sol move than 1 in. (25 mm)

Soft Trmb will penetrate soit about 1 in. (25 mun)
Firmn Thumb will indent soil about Y ire, (5 mm)
Hard Thumb will not indent soil bt reackty indented with thumby

Very hard Thumigrial will not indent soit

10.7 Consistency—For intact fine-grained soil, desc
the consistency as very soft, soft, firm, hard, or very hard
accordance with the criteria in Table 5. This observatiol
inappropriate for soils with significant amounts of gravel

10.8 Cementation—Describe the cementation of inf
coarse-grained soils as weak, moderate, or strong, in acce
ance with the criteria in Table 4.

10.9 Structure—Describe the structure of intact soils
accordance with the criteria in Table 7.

10.10 Range of Particle Sizes---For gravel and sand co
ponents, describe the range of particle sizes within e
component as defined in 3.1.2 and 3.1.6. For example, ab
20 % fine to coarse gravel, about 40 % fine to coarse san:

10,11 Maximum Particle Size—Describe the maxim
particle size found in the sample in accordance with -
following information: :

10.11.1 Sand Size—If the maximum particle size i
sand size, describe as fine, medium, or coarse as defined
3.1.6. For example: maximum particle size, medium sanc

10.11.2 Gravel Size—If the maximum particle size it
gravel size, describe the maximum particle size as 1
smallest sieve opening that the particle will pass. F
example, maximum particle size, [V in. (will pass a 114~
square opening but nol a ¥s-in. square opening).

10.11.3 Cobble or Boulder Size—If the maximum parti:
size is a cobble or boulder size, describe the maximu
dimension of the largest particle. For example: maximu
dimension, 18 in. {450 mm).

10.12 Hardness—-Diescribe the hardness of coarse sa
and larger particles as hard, or state what happens when 1
particles are hit by a hammer, for example, gravel-s:
particles fracture with considerable hammer blow, sor
pravel-size particles crumble with hammer blow. “Har
means particles do not crack, fracture, or coomble undel
hammer blow,

10.13 Additional comments shall be noted, such as
presence of roots or root holes, difficulty in drilling
augering hole, caving of trench or hole, or the presence
mica.

10.14 A local or commercial name or a geologic interps

TABLE 6 Criteria for Describing Cementation

Description Criteria

Weak, Crumbles or brealks with handling or itthe finger pressure
Moderate Crumbkes or breaks with consideratie finger pressure
Strong Wit nat crumble or brealc with frger pressure

AR30207
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TABLE 7 Critorim for Describing Structure

Dhescription Criteria

Stratified Alterngting layers of varying) maledial or color with Layers at
lpast B mr thick; note thickrness

Laminated Alternating layers of veuying matedal or color with the
layers Jass than § mm thick; note thickness

Fissured Breaks along definite planes of fracture with ktde
resistance 1o fracturing

Shickensidac Fracture planes appear polished or glossy, sometimes
strigted

Blocky Cohasive soil that can be broken down into smal angular
lumps which resist further breakdown

lLensed Inclusion of small pockits of diterent scils, such as smal
lenses of sand scattered through a mass of clay, ntle
thickruss.

HOIMKOGErH s Sarne cokyr and appearance throughout

tation of the soil, or both, may be added if identified as such
10.15 A classification or identification of the soil in
accordance with other classification systems may be added if

identifiad as such

11. Identification of Peat

1.1 A sample composed primarily of vegetable tissue in
various stages of decomposition that has a fibrous to
amorphous texture, usually a dark brown to black color, and
an organic odor, shall be designated as a highly organic¢ soil
and shall be identified as peat, PT, and not subjected to the
identification procedures described hereafter.

12. Preparation for Identification

12.1 The soil identification portion of this practice is
based on the portion of the soil sample that will pass a 3-in.
(75-rum) sieve. The larger than 3-in. (75-mra) particles rust
be removed, manually, for a loose sample, or mentally, for
an intact sample before classifying the soil.

12.2 Estimate and note the percentage of cobbles and the
percentage of boulders. Performed visually, these estimates
will be on the basis of volume percentage

MoTE 8—Since the percentages of the particle-size distribution in
Test Method I 2487 are by dry weight, and the estimates of percentages
for gravel, sand, and fines in this practice are by dry weight, it is
recommended that the report state that the percentages of cobbles and
boulders are by volume.

12.3 OFf the fraction of the soil smaller than 3 in. (73 mm),
estimate and note the percentage, by dry weight, of the
gravel, sand, and fines (see Appendix X4 for suggested
procedures).

NoTE 9-—-Since the particle-size components appear visually on the
basis of volume, considerable experience is required to estimate the
percentages an the basis of dry weight, Frequent cotparisons with
laboratory particle-size analyses should be made.

12.3.1 The percentages shall be estimated to the closest
5 %. The percentages of gravel, sand, and fines must acd up
to 100 %,

12.3.2 If one of the components is present but not in
sufficient quantity to be considered 5 % of the smaller than
3-in. {75-mm) portion, indicate its presence by the term
trace, for example, trace of fines. A trace is not to be
considered in the total of 100 % for the components.

13. Preliminary Identification
t3.1 The soil is fine grained il it contains 50 % or more

fines. Follow the procedures for identifying fine-grained soils
of Seciion 4.

13.2 The soil is coarse grained if it contains less than 50 %
fines. Follow the procedures for identifying coarse-grained
soils of Section 15,

14. Procedure for Jdentifying Fine-Grained Soils

14,1 Select a representative sample of the material for
examination. Remove particles larger than the No. 40 sieve
(medium sand and larger) until a specimen equivalent te
about a handful of material is available. Use this specimen
for performing the dry strength, dilatancy, and toughness
tests,

14.2 Dry Strength:

14.2.1 From the specimen, select enough material to mold
into a ball about 1 in. (25 mm) in diameter. Mold the
material until it has the consistency of putty, adding water if
NECESSary.

14.2.2 From the moided material, make at least three test
specimens. A test specimen shall be a ball of material about
12 in. (12 mm) in diameter. Allow the test specimens to dry
in air, or sun, or by artificial means, as long as the
ternperature does not exceed 60°C.

14.2.3 If the test specimen contains natural dry lumps,
those that are about %z in. (12 mm) in diameter may be used
in place of the molded balls

MNoTE 10—-The process of molding and drying usually produces
higher strengths than ans found in natural dry Tumgps of 501l

14.2.4 Test the strength of the dry balls or lumps by
crushing between the fingers. Note the strength as none, low,
medium, high, or very high in accorance with the criteria in
Table 8. If natural dry lumps are used, do not use the results

of any of the lumps that are found to contain particles of

coarse sand,

14.2.5 The presence of high-strength water-soluble ce-
menting matenials, such as calcium carbonate, may cause
exceptionally high dry strengths. The presence of calcium
carbonate can usually be detected from the intensity of the
reaction with dilute hydrochlosic acid (see 10.6),

14.3 Dilatancy:

14.3.1 From the specimen, select enough material to mold
into a ball about ¥ in. (12 mm) in diameter. Mold the
material, adding water if necessary, until it has a soft, but not
sticky, consistency.

14.3.2 Smooth the soil ball in the palm of one hand with
the blade of a knife or small spatula. Shake horizontally,
striking the side of the hand vigorously against the other
hand several times. Note the reaction of water appearing on

TABLE 8 Criteria for Describing Dry Strengfth

Description Criteria

MNone The dry specimen crambkes inlo powder with mere pressure
ol handling

Lo The dry specimen crumbies into powder with some fingper
pressune

Medium The cry spacimen breaks into pieces o crumbkes  with
consicierabhe finger pressure

High The dry specimen cannot be broken with firwges ressung

Specimen will beeals into pieces behween. thumly and a hard
surface

Tihe: ciry specimen cannot be broken between the thunb and a
hard surtace

Very high

AR302013




L8

e __
S PO U~ Wil T V™ -
T At . farep v
PE e - T e

e et ek Al etttk

b o 2488

TABLE 9 Criteria for Describing Dilatancy

Descripticn Criteria
Moargr Mo visibhe change in the specimen
Slow Water appears siowdy on the surkace ol the specimen during
shaking and does not disappear of disappears siowly upon
SQueering
Fiapict Water appears quickly on the surface of the specimen during

shaking and disappears quickly upen squeezing

TABLE 10 Criteria fov Describing Toughness

Description Criteria

Low Only slight pressure is required to rol the thread near the
plastic fimit. The thread and the lump are weal and sok

Medium Medium pressure is required to roll the thread to near the
jplastic: limit. The thread and the e have medkurn stitfness

High Considerable pressure is required to roll the thvead to rear the
plastic limit, The thread and the lmp have wvery high
stiffness

the surface of the soil. Squeeze the sample by closing the
hand or pinching the soil between the fingers, and note the
reaction: as none, slow, or rapid in accordance with the
criteria in Table 9. The reaction is the speed with which
water appears while shaking, and disappears while squeezing.

14.4 Toughness:

14.4.1 Following the completion of the dilatancy test, the
test specimen is shaped into an clongated pat and rolied by
hand on a smooth surface or between the palms into a thread
about & in. (3 men) in diameter. (I the sample is too wet 10
roll easily, it should be spread into a thin layer and allowed
ta lose some water by evaporation.) Fold the sample threads
and reroll repeatedly until the thread erumbles at a diameter
of about ¥ in. The thread will crurable at a diarmeter of s
in. when the soil is near the plastic limit. Note the pressure
required to roll the thread near the plastic lmit. Also, note
the strength of the thread. Afier the thread crumbles, the
pieces should be lumped together and kneaded until the
lump crumbles. Note the toughness of the material during
kneading.

14.4.2 Describe the toughness of the thread and lump as
low, medium, or high in accordance with the criteria in
Table 10.

14.5 Plasticity—On the basis of observations made during
the toughness test, describe the plasticity of the material in
accordance with the criteria given in Table 1.

14.6 Decide whether the soil is an fnorganic or an organic
fine-grained soil {see 14.8). If inorganic. follow the steps
given in 14.7. :

14,7 Identification of Imorganic Fine-Grained Sofls:

TABLE 11 Criteria for Describing Plasticity

Descriptian Criteria

Monplastic A Vedn. (3-mm) thread cannat be rolied at any water content

Low The thread can barely be rolled and the lump cannot be
formed when drier than (he plastic timi!

Medliurrm Tha thread is easy to roll and not much time is required 1o

reach the plastic limit. The thread cannot be rerofied afler
reaching the plastic fimit. The hmp crumbles when drier
than: the plastic limit

High It takes considerabile time roling and kneading to reach the
plastic: irit, The thread can be rerclied several times alter
reaching the plastic limit, The lump can be formed without
crumbling wheri drier than the plastic irn

14.7.1 ldentify the soil as a lean clay, CL, if the sc
medium to high dry strength, no or slow dilatancy
medium toughness and plasticity (see Table 12).

14.7.2 Identify the soil as a far clay, CH, if the so
high to very high dry strength, no dilatancy, and
toughness and plasticity (see Table 12).

14.7.3 Identify the soil as a s, ML, if the soil has
low dry strength, slow to rapid dilatancy, and low toug
and plasticity, or is nonplastic (ses Table [2).

14.7.4 Identify the soil as an elastic sift, MH, if the sc
low to medium dry strength, no 10 slow dilatancy, and |
medium toughness and plasticity (see Table 12).

NoTg 11--These properties are simnilar to those for a lear
However, the silt will dry quickly on the hand and have a smoot:
feel when dry. Sorne soils that would classify as MH in accordanc
the ¢rileria in Test Method D 2487 are visually difficuls to disti;
from lean clays, CL. It may be necessary 10 perform laboratory
for proper identification.

14.8 Identification of Organic Fine-Grained Soils:

14.8.1 Identify the soil as an organic soil, QL/OH,
soil conlains enough organic particles to influence th
properties. Organic soils usually have a dark brown to |
color and may have an organic odor. Often, organic soil
change color, for example, black to brown, when expos
the air. Some organic soils will lighten in color signific
when air dried. Organic soils normally will not have a
toughness or plasticity. The thread for the toughness tes
be spongy

Note 12--In some cases, through practice and experience, it n
possible to further identify the onganic soils as onganic silts or o
clays, OL or OH. Correlations between the dilataney, dry stro
toughness tests, and faboratory tests can be made to identify organi
in certain deposiis of similar materials of known geologic origin.

14.9 If the soil is estimated to have 15 to 25 % sar
gravel, or both, the words “with sand™ or “with gr:
(dewmhsmmtpmmmmmwmmMHMMMMHommg
name. For example: “lean clay with sand, CL™ or “silt
gravel, ML™ (see Figs. 1a and 1b). If the percentage of sa
equal to the percentage of gravel, use “with sand.”

14,10 If the soil is estimated to have 30 % or more say
gravel, or both, the words “sandy” or “gravelly” shal
added to the group name. Add the word “sandy” if 1
appears to be more sand than gravel. Add the -
“gravelly” if there appears to be more gravel than sand
example: “sandy lean clay, CL", “gravelly fat clay, CH'
“sandy silt, ML" (see Figs. 1a and Ib). If the percenta
sand 15 equal to the percent of gravel, use “sandy.”

15. Procedure for Identilying Coarse-Grained Soils (¢
tains less than 50 % fines)

15.1 The soil is a gravel il the percentage of graw:
estimated to be more than the percentage of sand,

TABLE 12 )dentification of Inorganic Fine-Grained Soils fre
Marual Tests

Sod

Symbal Diry Strengih Dilatancy Toughness
Wil Hone to low Slow to rapid Low or thread cann
formed
CL Medium 10 high None to siow Medium
MH Low to medium None: to slow Low 1o medium
CH Higit to very high Mone High

234
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15.2 The soil is a sand if the percentage of gravel is
estimated to be equal to or less than the percentage of sand.

15.3 The soil is a clean gravel or clean sand if the
percentage of fines is estimated to be 5 % or less.

15.3.1 Identify the soil as a well-graded gravel, GW, or as
a well-graded sand, SW, if it has a wide range of particle sizes
and substantial amounts of the intermediate particle sizes,

15.3.2 Identify the soil as a peorly graded gravel, GP, or as
a poorly graded sand, SP, if it consists predominantly of one
size (uniformly graded), or 1t has a wide range of sizes with
some intermediate sizes obviously missing (gap or skip
graded).

15.4 The soil is either a grave! with fines or a sand with

fines if the percentage of fines is estimated to be 15 % or -

more,

15.4.1 ldentify the soil as a clayvey gravel, GC, or a clayey
samd, SC, if the fines are clayey as determined by the
procedures in Section 14,

15.4.2 Identify the soil as a silty gravel, GM, or a silty
wand, SM, if the fines are sily as determined by the
srocedures in Section 14,

15.5 If the soil is estimated to contain 10 % fines, give the
soif a dual identification using two group symbols.

"15.5.1 The first group symbel shall correspond to a clean
ravel or sand (GW, GP, SW, 5P) and the secomnd sysnbol
shall correspond to a gravel or sand with fines (GC, GM, SC,
M)

15.5.2 The group name shall correspond to the first group
ymbol plus the words “with clay” or “with silt” 10 indicate
he plasticity characteristics of the fines. For example:
‘well-graded gravel with clay, GW-GC” or “poorly graded
and with silt, SP-SM” (see Fig. 2).

15.6 if the specimen is predominantly sand or gravel but
ontains an estimated 15 % or more of the other coarse-
rained constituent, the words “with gravel” or “with sand”
hall be added to the group name. For example: “poorly
raded gravel with sand, GP” or “clayey sand with gravel,
C” (see Fig. 2).

15.7 If the field sample contains any cobbles or boulders,
r both, the words “with cobbles™ or “with cobbles and
oulders™ shall be added to the group name. For example
silty gravel with cobbles, GM.”

6. Report
16,1 The report shall include the information as to origin,
nd the items indicated in Table 13.

Note 13—Example: Clayey Gravel with Sand and Cobbles, G
bout 50 % fine to coarse, subrounded to subangular gravel; about 30 %
ne to coarse, subwrounded sand; about 20 % fines with medium
'asticity, high dry strength, no dilatancy, medinm toughness; weak

235

TABLE 13 Checidist for Description of Soils

. Group name

. Group symbol

. Percent of cobbles: or boulders, or both (by volumne)

. Percent of gravel, sand, or fines, or all theea by dry weight)
. Particle-size range

o W -

Gravel-—fine, corrse
Sanvd---firw, rmexfium, coarse
B. Particle angularity: angular, subanguiar, sutvounded, rurdec
T. Partiche shape: (i appropriate) flat, shongated, Rat and elongated
8. Masiimum particie sine or dimersion
9. Hardress of coarse sand and larger particles
10. Plagticity of fines: nonplastic, kow, medium, high
1t. Dy strength: nome, low, madiurm, high, very high
12. Dilatancy: none, skow, rapid
13. Toughness: love, medium, high
14, Color (in meish conchition}
15. Odor fmention only if organic or unusual)
16. Moisture: dry, moist, wet ’
17, Reaction with HCL: none, weak, strorg
For intact samples:
18. Consistency (fine-grained sols only): very soft, scft, fiem, Ihard, very hard
19. Structure: stratified, larminated, fissured, slickensided, lensed, hormno-
JeNBCUS
20. Cementation: weak, moderate, strong
21, Local name
22, Geologhe interpratation
23 Additional comments: presence of roots or root holes, presence of mica,
gypsum, ete., suwface coatings o coarse-grained partickes, caving of
sloughing of auger hole or trench sides, difficulty i Bugering or excavating,
ete.

reaction with HCY, original field sample had about 5% (by volume}
subrounded cobbles, maximum dimension, 150 mm

In-Place Conditions—Firm, homogeneous, dry, brown

Greologic Interpretation---Altuvial fan

NOTE H—=Other examples of soil deseriptions and identification are
given in Appendixes X1 and X2. )

Note 15--1f desired, the percentages of gravel, sand, and fines may
be stated in terms indicating a range of percentages, as follows:

Trace-—Particles ave present but estimated to be less than § %

Few—--5to 10 %

Littfe-—15 10 25 %

Some-—-30 to 45 %

Mosily—50 10 100 %

16.2 1, in the soil description, the soil is identified using
classification group symbol and name as described in Tes:
Method I 2487, it must be distinctly and clearly stated in log
forms, summary tables, reports, and the like, that the symbol
and name are based on visual-manual procedures.

17. Precision and Bias

17.1 This practice provides qualitative information only,
therefore, a precision and bias statement is not applicable,

18. Keywords
18.1 classification; clay; gravel; organic soils; sand; silt;
soil classification; sotl description; visual classification
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‘”E”“!' Designation: ) 4448 - 85a (Reapproved 1992)

Standard Guide for

Sampling Groundwater Monitoring Wellg?

This standard is issued ender the fixed designation > 4448; the

original adopiion or, in the case of ravision, the year of last revi

. Scope

1.1 This guide covers procedures for obtaining valid
cpresentative samples from groundwater monitoring wells.
‘he scope is limited to sarmpling and “in the field” preserva-
on and does not include well location, depth, well develop-
ent, design and construction, screening, or analytical
rocedures,

number immediataly following the designation indizates 1he year of

sion. A nurnber in parentheses indicates the vear of last reapproval, A
superscript epsilon (¢) indicates an editerial change since the last revision or reapproval.

1.2 Thh:gmei$<nﬂyinuxmwdimrpnndm:a:nnmnvcﬁ

any of the most commonly wsed methods for sampiing
mnﬂwmmrmumanmﬂmﬁugwﬂ%amiEnoﬂnwnmmto
Ve as a groundwater monitoring plan for any specific
plication. Iicnczituse:¢31'1li€:]k111;e:ztr1clnsxfeurihnu:rt:auxinug number
- options available, no single guide can be viewed as
mprehensive. The practitioner must make every effort o
sure that the methods used, whether or not they are
dressed in this guide, are adequate to satisfy the moni-
ng objectives at each site.

1.3 This standard does not purport to address all of the
ety problems, if any, associated with its use. It is the
gncnﬂutitnhﬂ][p'czj't)ie’.unrev-.qy’lhﬁiir.sftercGS!na(.hsv<eauuzibiisuﬁ appre-
“"“‘JHQJQ?(}F19U1tj'}a£ﬁlffﬁi.IIVCLCIfEHEJ?aﬂUchlciE1\?r7?1i!1£'Jhﬁw? applica-

A regulatory limitations prior to use

Summary of Guide

-1 The equipment and procedures used for sampling a
nitoring well depend on many factors. These include, but
not limited to, the design and construction of the well,
of groundwater flow, and the chemical species of
rest. Sampling procedures will be different if analyzing
trace organics, volatiles, oxidizable species, or trace
1ls 15 needed. This guide considers all of these factors by
;lSSjl]E;IE(]I]i[)IIlEﬂJIZilrlCI;FHﬂCn:EuthIWE options at each stage of
sampling sequence, For ease of organization, the sar-
L process can be divided into three steps: well flushing,
le withdrawal, and field preparation of samples.
HmmWMpMMmWMWMMMMWMMmm%m
the groundwater is sampled, not the stagnant water in
s¢ll casing. If the well casing can be emptied, this may be
although it may he necessary to avoid oxygen contact
the groundwater. If the well cannot be emptied,
dures mumImumeBMﬁInckmmMUMethnlm:
le represents groundwater. Monitoring an indicatjve
neter such as pH during flushing is desirable if such a
1weter can be identified.

s guide is under the Jurisdiction of ASTM Committes D-34 on Waste
Al and is the direct responsitility of Subcemmiitee D34.0) on Sampling
ring.

s edition approved Aug. 23 and Oct. 25, 1985. Published May 1956

23

231%&wmmhmﬁmﬂmmmmbmmmmmﬂmwﬂhs
the concentration levels are prime factors for selecting
mmﬁmgmwmsﬂw2ﬁ'ﬂw&mwh@c@%uaMhm
materials and devices the water contacts must be constructed
of matertals that will not introduce contaminants or alter the
analyte chermnically in any way.

2.4 The method of sample withdrawal can vary with the
parameters of interest. The ideal sampling scheme we---
employ a completely inent material, would not subject
sample to negative pressure and only moderate posi
pmmmmwmmnm&wmnmmmmMmMMMmmwMW
m@hﬂ%ﬁmmﬂmgmmmmmMWMmhﬁmmmmmh
te the sample container ()r‘lﬂc)\&fn:eﬂullﬁaqrccnnrﬂsite::a:zzﬂhysd:;

2.3 The degree and type of effort and care that goes in
sampling program is always dependent oo the cherr
species of interest and the concentration levels of interest
the concentration leve] of the chemical species of analy
interest decreases, the work and precautions necessary
sampling are increased. Therefore, the sampling objes
must clearly be defined ahead of time. For example
prepare equipment for sarmpling for mg/L {ppm) level, ...
Total Organic Carbon (TOC) in water is about an order of
magnitude easier than preparing to sample for ug/L. (ppb)
levels of a trace organic like benzene. The specific precan.
tions t()ltu:'ladkcrrtihn.]3:1:;>auri[ng;1().sz|rtlmdk::Fcnr'Lriu:t:::qquurnh:s;zlra
different from tklcrscrlu:vlscr'LaJ<<:rnihnl:;3:11;)Iirtg:li):'Iu:ax:E‘|11trhaJ:L
No final Environmental Protection Agency (EPA) protocol is
available for sampling of trace organics. A short guidance
manual, (3) and an EPA document (4) concerning moni-
mmimg\mﬂlsﬁnuﬂh@;:kmhxﬁmg1xnmkkﬂﬂﬁnu;ﬁm:tnuﬁ
organics are available.

2.6 Care must be taken not to Cross contaminate samples
or maonitoring wells with sampling or pumping devices or
rmmmm.Mlmmmmﬁmmmmgmwm&aMMmmMmm
must be protected from the environment when not in use,
Water level measurements should be made before the well is
flushed. Oxidation-reduction potential, pH, dissolved ox-
vgen, and temperature measurements and filtration should

all be performed on the sample in the field, if possible, Al
but temperature measurement must be done prior to any
significant atmospheric exposure, if possible.

2.7 The SElrrhpﬂﬁ]1L;jﬁﬁr(th}CILEFEESlﬂnJJ:FI|513‘foﬂ”f]J]Elfl[n:(l‘alllj ali
sarnple containers must be prepared and labeled pricr to
going to the field.

3. Significance and Use

3.1 The quality of groundwater has become an issue of
national concern. Groundwater monttoring wells are one of

 The boldface nambers in parentheses refer 1o a list of references at the end of
this guide,
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TABLE 1 1Ty;)h:aﬂl(3::nd!:h1tmr;attcrI’rtmsturvtrﬁkarlIﬂhacpuiren1ien1is;li)r.ul13h1:tun:fJUU}|hEW'!Hh:rﬂhx:rh15||PW1>§u1arn

Yolume Container P-- Maximum
Sample and Measurement Fequired Folyethyvlane Preservative Holding
(mlL) G—Gilass e
Merals As/Ba/Cd/Cr/Fe PbySef Q002000 P/G (special acid high punty nitdc 6 ment
Ag/Mn/Na cleaning) acid o pH <2 e
Mercury 200-300 P/G (special acid high purity nitre 28 davs
clzaning) achd 10 pH <}
+0.05 %
K.ACry0,
Radioactivity alpha/Heta/radium Ll PG (special acid high purity nitric 6 months
cleaning) acid 10 pH <2
Phenolics 500- 1000 G oo, 470 2B days
H, 80, 10
pH <2
Miscellaneaus 10002000 F coel, 4°C 28 days
Fluoride 350--500 P 28 days
Chloride 50-200 P/G 28 days
Sulfate 00500 PHS 48 hours
Nitrate 100--250 PHG 6 h
Coliform 100 PG on $it=/24 h
Conductivity 1O P/G on sitefib h
pH 100 PG 48 h
Turbidity 100 PG
Total organic carbon (TOC) 25100 PG cool, 4°C or 24h
cood, 4°C HC!
or Ha50, 10 28 days
pH <2
Pesticides, herbicides and total 1304000 G/TFE-lwore- eool, 4%C T days/extraction

organic halogen (TCHX)

Extractable organics

Organic purgeables
acrolein/acrylonitrile

1000--2000

25-120

carbon lined

cap solvent

rinsged
G/TFE-fluors-

<days/analysis

cocl, 4°C T days/extraction +

carbon-lined daysfanalysis
cp solveni
rinsed
Cifvial cool, 4°C 14 clays
TFE-fluorocar- 3 davs

bon-fined sep-
tum

the more important tools for 1“‘fﬂﬂhd¢itillg, the quatity of

groundwater, delineating contamination plumes, and estab-
lishing the integrity of hazardous material management
facilities,

3.2 The goal in sampling groundwater monitoring wells is
to obtain samples that are truly representative of the aquifer
or groundwater in question. This guide discusses the advan-
tages and disadvantages of various well flushing, s:tnnupﬂ:=
withdrawal, and sample preservation tc~L1111|c11mE<. It reviews
the parameters that need to be considered in developing a
valid sampling plan,

. Well Flushing {Purging)

4.1 Water that stands within a monitoring well for a long
period of time may become unrepresentative of formation
water because chemical or biochemical change may cause
vv‘rlew'uqu-tlit)"altcnran1u3u1s..111clIE\Jewnl11 it is unchanged from the
time it entered the well, the stored water may not be
rmwmem-WMmmmnmmmewmmmMmmm%Ju
both. Because the representativeness of stored water is
questionable, it should be excluded from samples collected

ﬁmmamoMmﬁmwwM _

? The surest way crf"lc:.c:rrt;ﬂﬁh;PnLnu; this objective is to
11‘:11()\~: all stored water from the casing prior 1o sampling.
Research with a tracer in a full scale model 2 in. PVC well {§)
indicates that pumping 5 to 10 times the volume of the well
via an inlet near the free water surface is suflicient to remove
alt the stored water in the casing. The volume of the well may

be calculated to include the well screen and any gravel p
if natural flow through these is deermed insufficient to k
them flushed gut.

4.3 In deep or large diaraeter wells having a volume
water 50 large as to make removal of all the water imps
tical, it may be feasible to lower a pump or pump inlet
some point well below the water surface, purge only
volume below that point then withdraw the sample fron
deeper level. Research indicates this approach should av.
most contamination associated with stored water (5, 6,
Sealing the casing above the purge point with a packer n
make this approach more dependable by preventing mig
tion of stored water from above. But the packer must
above the top of the screened zone, or stagnant water fic
above the packer will flow into the purged zone through 1
well's gravel/sand pack.

4.4 In low yielding welis, the only practical way to remc
all standing water may be 1o empty the casing, Since it is y
always possible to remove all water, it may be advisable to
the well recover (refill) and empty it again at least once.
introduction of oxygen into the aquifer may be of concern
would be best not to uncover the screen when performing t
above procedures, The main disadvantage of methods c
signed 10 remove all the stored water is that large volum
may need to be pumped in certain instances. T' =g
advantage is that the potential for contamination o1 _.D
with stored water is minimized. -
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Nore---Taken from Ref (15},
FIG. 1

4.5 Another approach to well flushing is to monitor one
or more indicator parameters such as pH, temperature, or
conductivity and consider the well to be flushed when the
indicator(s} no longer change. The advantage of this methoc
is that pumping can be done from any location within the
casing and the volume of stored water present has no direct
bearing on the volume of water that must be pumped,
Obviously, in a Iow vielding well, the weil may be emptied
before the parameters stabilize. A disadvantage of this
approach is that there is no assurance in all situations that
the stzltxHthenjl|Jelrzlrrue!f:rs.rwar)rfn;eun!:f?)r111;1tic)r:'uwerE1:,]HF:;th1iIl
icant drawdown has occurred, water from some distance
away may h:]ﬁﬂkﬁiivathe:xwumlcmumng a steady
Parameter reading but not a representative reading. Also, a
suitable indicator parameter and means of continuously
measuring it in the field must be available

4.6 Gibb (4, 8) has described a time-drawdown approach
using a knowledge of the well hydraulics to predict the
percentage of stored water entering a pump inlet near the top
of the screen at any tume after flushing begins. Samples are
taken when the percentage is acceptably low. As before, the
advantage is that well volume has no direct effect in the
duration of pumping. A current knowledge of the well's
hydraulic characteristics is necessary 10 employ this ap-
proach. Downward migration of stored water due to effects
'mhnﬂmmdmumnwumwmmmpmdmmeﬁﬂﬂmwaJmnm
accounted for in this approach.

4.7 In any flushing approach, a withdrawal rate that
minimizes drawdown while satisfying time constraints
should be used. Excessive drawdown distorts the natural flow
Patterns around a well and can cause contaminants that were
ot presemt originally 10 be drawn into the well.

~
oz, 1
Clalin- -

o -

Single Check Valve Bailer

5. Materials and Manufacture

5.1 The choice of materials used in the construction o
sampling devices should be based upon a knowledge of wha
compounds may be present in the sampling environmen
and how the sample materials may interact via leaching
adsorption, or catalysis. In some situations, PVC or SOME
mMrﬁmMmmwtmstmm.M1Mmmzmzmg%m
apparatus may be necessary,

5.2 Most analytical protocols suggest that the devices used
in sampling and storing samples for trace organics analysis
(ng/l. levelsy must be constructed of glass  or
TFE-fluorocarbon resin, or both. One suggestion advanced
by the EPA is that the monitoring well be constructed so that
only TFE-fluorocarbon tubing be used in that portion of the
sampling well that extends from a few feel above the wale
table to the bottom ()fllrlﬂ'l)()ffﬁhu3d(3.1[3H,f;]ifqhhﬂhujﬂjggfl‘LELHS'[}};W?
of well casing is now commercially available, PVC well
cmmguwecmwnmemlmmlpmmMRIfammﬁmsam
avoided, PVC well casings are acceptable in many cases
although their use may still lead to some problems if trace
organics are of concern. At present, the type of background
presented by PVC and interactions cceurring between PVC
and groundwater are not well understood. Tin, in the form of
an organotin stabilizer added to PV, may enter saraples
taken from PVC casing. (9)

5.3 Since the most significant problem encountered n
trace organics sampling, results from the use of PVC
adhesives in monitoring well construction, threaded joints
might avoid the problem (3, 5). Millizgram per litre (parts per
million) levels of compounds such as tetrabydrofuran,
methyl-ethyl-ketone, and toluene are found to leach into

AR302018
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A
Morg--Taken from Ref (17).
FiG. 2

groundwater samples from.monitoring well casings sealed
with PVC solvent cement. Pollutant phthalate esters (8, 10}
are often found in water samples at ppb levels; the EPA has
found them on occasion at ppm levels tt their samples. The

ubiquitous presence of these phthalate esters is unexplained,

except to say that they may be leached from plastic pipes,
sampiing devices, and conrainers

3.4 TFE-fluoroearbon resins are highly inert and have
sufficient rechanical strength to permit fabrication of sam-
pling devices and well casings. Moided pants are exposed to
high temperature during fabrication which destroys any
organic contaminants. The evolution of flucrinated com-

pounds can occur during fabrication, will cease rapidly, and ~

does not ocour afterwards unless the resin is heated to its
melting point,

5.5 Extruded iubing of TFE-fluorocarbon for sampling
may contain surface traces of an organic solvent extrusion

aid. This can be removed easily by the fabricator and, once

Tx
!h_t
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o
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’ lj ‘|

removed by flushing, should not affect the sample. TF
fluorocarbon FEP and TFE-fluorocarbon PFA resins.do r
require this extrusion aid and may be suitable for sarm,
tubing as well. Unsintered thread-sealant tape of TF
flugrocarbon is available in an “oxygen service” grade a;
contains no extrusion aid and lubricant.

3.6 Louneman, ei al. (11} altudes 1o problems caused by

lubricating oil used during TFE-fluorocarbon tubing extr
sion. This reference also presents evidence that a flugrinat
eﬂnhanmupykmc(mmmhﬂnmrmmwamiamﬂoﬂemlagk%r
that later caused contamination of a gas sample.
5.7 Glass and stainless steel are two other materi;
generally considered inert in aqueous environments. Glass
probably among the best choices though it is not inconcei
able it could adsorb sume constituents as well as release oth
contaminants (for example, Na, silicate, and Fe). Of rours
glass sampling equipment must be handled careful th
field. Stainless steel is strongly and easily machiued

Acrylic Point Source Bailer
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FIG. 3 Schematic of the Inverted Syringe Sampler

fabricate equipment. Unfortunately, it is not totally immune
to corrosion that could release metaltic contaminants. Stain-
kﬂhﬂmﬂconMMMrwuknmzmMyhmnncMMg&mmmcﬂlhmm(ﬁn
example Ni) are commonly used as catalysts for various
reactions. The alloyed constituents of some stainless steels
cat be solubilized by the pitting action of nonoxidizing
anions such as chloride, fluoride, and in some instances
sulfate, over a range of pH conditions. Aluminurn, titanium,
polyethylene, and other corrosion resistant materials have
been proposed by some as acceptable materials, depending
on groundwater quality and the constituents of interest.

5.8 Where temporarily installed sampling equipment is
used, the sampling device that is chosen should be non-
plastic (unless TFE-fluorocarbon), cleanable of trace or-
ganics, and must be cleaned between each monitornag weil
use In order to avoid cross-contamination of wells and
sampies. The only way to ensure that the device is indeed
“clean” and acceptable is to analyze [aboratory water blanks
and field water blanks that have been soaked in and passed
through the sampling device to check for the background
lfﬂveﬂ:; that may result from the sampling materials or from
MM(mMMmmJmm,ﬂlmmmmmfmtmmtmmmm
should be accompanied by samples which represent the field
hm*gnnm@.ﬁm|mMmR%ﬂ,the:mmnﬂhm;equkmmnn back-
ground, and the laboratory background.

;tl? Additional samples are often taken in the field and
spiked {spiked-field samples) in order to wverify that the
sample handling procedures are valid, The American Chemn-

27

ical Society’s committee on environmental improvement h
published guidelines for data acquisition and data evaluatic
which should be useful in such environmental evaluatio
(10, 12).

6. Sampling Equipment

6.1 There is a fairly large choice of equipment presertt
available for groundwater sampling from single screent
wells and well clusters. The sampling devices can be categ
rized into the following eight basic types.

6.1t Down-Hole Collection Devices:

6.1.1.1 Bailers, messenger bailers, or thief samplers (1.
14) are examples of dewn-hole devices that probably provic
valid samples once the well has been flushed. They are n
practical for removal of larpe volumes of water, Thes
devices can be constructed in various shapes and sizes from
variety of materials. They do not subject the sample 1
pressure extremes.

6.1.1.2 Bailers do expose part of the sample to th
atmosphere during withdrawal. Bailers used for sarnpling ¢
volatile organic compounds should have a sample cock ¢
draft valve in or near the bottom of the sampler allowin
withdrawal of a sample from the well below the expose:
surface of the water or the first few inches of the sampl
should be discarded. Suspension lines for bailers and othe
samplers should be kept off the ground and free of othe
contaminating matenals that could be carried into the well
Down-hole devices are not very practical for use in deey
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valve upon bailer retrieval. The specific gravity of the :
should be about 1.4 to 2.0 so that the ball 2imost sits on
check valve seat during chamber filling. Upon bailer w
drawal, the ball will immediately seat without any samy
loss through the check valve. A similar technique invol

\wwzlls..}ih:nafevuc:r,;pu:ﬂn:rltizul::3111;)le:())Lthili():lutPUUtirug transfer of
the sample into a collection vessel and time constraints for
lowering and retrieval for deep sampling are the primary
5 disadvantages
6.1.1.3 Three down-hole devices are the single and double

check valve bailers and thief samplers. A schematic of a
single check valve unit is illustrated in Fig. 1. The bailer may
be threaded in the middle so that additional lengths of blank
casing may be added to increase the sampling volume,
TFE-fluorocarbon or PVC are the most comman materials
used for construction (15),
6LU#M<mm%@mﬁMsM@edmm‘WMrmmmm
bmwmmdinuaﬂu:weﬂpwawTenuwsﬂu:dunnhnﬁhnmuﬂrﬂm
tottom, and the \\aeigﬂhntnad’lﬂ1er'vvzrbe1‘t:()lL|rnun|n:[cx561;lnhu: check

lowering a sealed sample container within 4 weighted bo
into the well. The stopper is then pulled from the bottle vi
line and the entire assembly is retrieved upon filling of
container {14, 16).

6.1.1.5 A double check valve bailer allows point sou
sampling at a specific depth (15, 17). An example is showr
Fig. 2. In this double check valve design, water flows throu
the sample chamber as the unit is lowered. A ventus tape
inlet and outlet ensures that water passes freely through 1
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FIG. 5 Pneuratic Sampler With Externally Mounted Transduser

1it. When a depth where the sample is to be collected is
\eached, the unit is retrieved. Because the difference between
each ball and check valve seat is maintained by a pin that
blocks vertical movement of the check ball, both check
valves close simultanecusly upon retrieval. A drainage pin is
placed into the bottom of the bailer 1o drain the sample
directly into a collection vessel to reduce the possibility of air
oxidation. The acrylic model in Fig. 2 is threaded at the
midsection allowing the addition of threaded casing to
increase the sampling volurne.

6.1.1.6 Another approach for obtaining point source sam-
1MmemmUwaummMmjmamn@rowwmmnMMCMmgﬂu
'ﬂﬁmﬁlﬂughn1ﬂUWTendcﬂ@mummnruwm(ﬁnwvmnuﬂaﬁmbc
water sampler or thief sampler) to close the chamber (18).
Foerst, Kemmerer, and Bacon samplers are of this variety
(14, 17, 19). A simple and inexpensive pnewmatic sampler
was recently described by Gillham (20). The device (Fig. 3)
consists of a disposable 50 mL plastic syringe modified by
sawing off the plunger and the finger grips. The syringe 1s
then attached to a gas-line by means of a rubber stopper
assembly. The gas-line extends to the surface, and is used to
drive the stem-less plunger, and 1o raise and lower the syringe
into the hole. When the gas-line is pressurized, the rubber
plunger is held at the tip of the syringe. The sarpler 1s then
lowered into the installation, and when the desired depth 1s
reached, the pressure in the gas-line is reduced to atmo-
spheric (or slightly less} and water enters the syringe. The
-ampler is then retrieved from the installation and the
.yringe detached from the gas-line. After the tip is sealed, the
syringe is used as a short-term storage container. A nurnber

of thief or messenger devices are available in various
mnaterials and shapes

6.1 Suction Lift Pumps:

6.1.2.1 Three types of suction lift pumps are the direct
line, centrifugal, and peristaltic. A major disadvantage of any
suction pump is that it is limited in its ability to raise water
by the head available from atmospheric pressure. Thus, if the
surface of the water is more than about 25 ft below the
pPuImp, water may not be withdrawn. The theoretical suction
limit is about 34 ft, but most suction pumps are capable of
maintaining a water lift of only 25 ft or less.

6.1.2.2 Many suction pumps draw the water through
some sort of volute in which impellers, pistons, or other
devices operate to induce a vacuum. Such pumps are
probably unacceptable for most sampling purposes because
they are usvally constructed of common materials such as
brass or mild steel and may expose samples to lubricants.
Thﬁyoﬁemhmhmt\mn/kvanmmntsannumlnnwﬂmgvamw
or other such parts such that degassing or even cavitation
may occur. They can mix air with the sample via small leaks
in the casing, and they are difficult to adequately clean
between uses. Such pumps are acceptable for purging of
wells, but should not generally be used for sarnpling.

6.1.2.3 One exception to the above statements is a peri-
%mm;mmxA;m$WM;mmmisay%wMMm;MW
volume suction pump which consists of a roter with ball
bearing rollers (21). Flexible tubing is inserted around the
pump rotor and squeezed by heads

sads as they revolve in a
circutar pattern around the rotor. One end of the tubing is
placed into the well while the other end can be connected
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directly to a receiving vessel, As the rotor moves, a reduced
pressure is created in the well tubing and an increased
pressure (<40 psi) on the tube leaving the rotor head. A drive
shaft connected to the rotor head can be extended so that
multiple rotor heads can be attached to a single drive shafi,

6.1.2.4 The peristaltic pump moves the liquid totally
within the sample tube. No part of the pump contacts the
Liquid. The sample may still be degassed (cavitation is
unlikely) but the problems due to contact with the pump
mechanism are eliminated. Peristaltic purnps do require a
fairly flexible section of tubing within the pumphead itself, A
section of silicone tubing is commonly used within the
peristaltic pumphead, but other types of tubing can be used
particutarly for the sections extending into the well or from
the pump to the receiving container. The National Councit
of the Paper Industry for Air anc Stream Irprovement (22)
recommends using medical grade silicone tubing for organic
sampling purposes as the standard grade uses an organic
vulcanizing agent which has been shown to leach into
samples. Medical grade silicone tube is, however, limited to
use over a restricted range (xfhaJnnJJic:rut'bEu])])ennalnjlwasu Yarious
manufacturers offer tubing lined with TFE-fluorocarbon or
Viton® for use with their pumps, Gibb {1, 8) found little
difference tME1lAhEt![l.Sétrrtpﬂh:s-\Aﬁh[ﬁujhiﬂj%![l:tﬂy a peristaitic pump
and those taken by a bailer.

6.1.2.5 A direct method of collecting a sarple by suction
cnmﬁﬂsofknwnhuummrmnioﬁakxmﬂﬁoprNm:uﬂmmghno
the well or piezometer. The opposite end of the tubing js
connected to a two way stopper bottle and a hand held or

*Viton is a irademark of E. 1. du Pont de Nemours & Co., W ilmington, DE
19898 and has been found suitable for this purpose,
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Bladder Pump

mechanical vacuum pump is attached to a second tubing
kaﬁngﬁmﬂxnﬂadﬂcmxk\mmﬁﬁsmnuhudhﬂwmulﬁm'wo
lines to maintain a constant vacuum control. A sampl
then be drawn directly into the collection vessel Witkrol
contacting the pump mechanism {5, 23, 24).

1&L2ﬁuAn&mﬂﬂhgﬂ[numpcantmanmimdtomkxmﬂhof
plastic tubing that is lowered into the well. A foot valve 1s
usually attached to the end of the well tubing to assist in
priming the tube. The maximum lift is about 4.6 m (15 ft)
for such an arrangement (23, 25, 26).

6.1.2.7 Suction pump approaches offer a simple sample
retrieval method for shallow monitoring, The direct line
method is extremely portable though considerable oxidation
and mixing may occur during collection. A centrifugal pump
will agitate the sample to an even greater degree although
pumping rates of 19 to 151 Lpm (5 10 40 gpm) can be
attained. A peristaltic pump provides a lower sampling rate
with less agitation than the other two pumps. The with-
drawal 1311:-an]pn:risn:altic:1;n1|11135;¢:aun.I)c:(:aunelilll)r1n=g:udhatfnj|IJ];
adjustment of the rotor head revolution.

6.1.2.8 Al three systems can be specially designad so thal
the water sample contacts only the TFE flourocarbon or
silicone tubing prior to sample bottle entry. Separate tubing
mmmmmmmﬂmmmmmmhnmmmmmumm%¢

6.1.3 Electric Submersible Pumps:

6.1.3.1 A submersible pump consists of a sealed electric
motor that powers a piston or helical single thread worm at a
high rpm. Water is brought to the surface through an access
tube. Such pumps have been used in the water well industry
for years and many designs exist (5, 26)

6.1.3.2 Submersible pumps provide relatively high o
charge rates for water withdrawal at depths beyond suction

AR302023
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FIG. 8 Positive Displacement Syringe Purrp

lift capakilities. A baitery operated unit 3.6 cm (1.4 in.) in
diameter and with a 4.5 Lpm (1.2 gpm} flow 1ate at 33.5 m
(110 ft) has been developed {27). Another submersible purap
has an outer diameter of 11.4 cm (4.5 in.) and can pump
water from 91 m (300 ft). Pumping rates vary up to 33.0
Lpm (14 gpm) depending upon the depth of the purmp (28).

6.1.3.3 A submersible pump provides higher extraction
rates than many other methods, Considerable sample agita-
tion results, however, in the well and in the collection tube
during transport. The possibility of introducing trace metals
into the sample from pump materials also exists. Steam
cleaning of the unit followed by rinsing with unchlorinated,
deionized water is suggested between sampling when analysis
for organics in the parts per million (ppm) or parts per billion
(ppb) range is required (29).
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6.1.4 Gas-Liti Pumps:

6.1.4.1 Gas-lift pumps use compressed air 1o bring a wate
sample 1o the surface. Water is forced up an eductor pip
'lh.an'. may be the outer casing or a smaller diameter pip
inserted into the well annulus below the water level (30, 31

6.1.4.2 A similar principle is used for a unit that consist
of a small diameter plastic tube perforated in the lower enc
This tube is placed within another tube of slightly large
diameter. Compressed air is injected into the inner tube; th
air bubbles through the perforations, thereby lifting the wate
sample via the annulus between the outer and inner tubin
(32). In practice, the eductor line should be submerged to
depth equal to 60 % of the total submerged eductor lengi
during pumping (26). A 60 % ratio is considered optims
although a 30 % submergence ratio is adequate.

AR30202y4



i
|
]‘%

£

el
1
‘
¥
i

it o 4448

Exhaust

Pressure from
Surface
Ir

[] Pitot Operator —
Outflow ) T e
] -’ L__]
Normal Position
- IL..___“‘-‘
O E T Operated Position
T Pilot Valve
' W P'=Fressure
E'=Exhaust
____________ [I‘ e g
1]", .:IF. '
[
Illiz;zilllw
4 . Needle Valve
; tH wme= Restriction
' 7 &
t [ L~
L Vi
i ¢ |{ Button .
v Bleed |77 Switching Unit
/ b =y - g3
Piston | o] Valve | jeeeeees P =Pressure
Pump | [ E =Exhaus:
T t P
Hi e R N Switching Unit
Vo f ‘1k Spindle
' = SR B . "0" Ring Seals During Up
1y rpeny- Cycle
M T, "0" Ring Seals During Down —
A Lycle ‘
T v [&
y ¢=f k-
‘.‘ _-I-‘ \.\
'y N\
Button Bleed N
Valve N\
Ay ..
¥ | Needle Valve Restriction
L <5 @l

Suction |

Mote—Taken from Ref {49).
FIG. 9

6.1.4.3 The source of compressed gas may be a hand
purmnp for depths generally less than 7.6 m (25 ft). For greater
depths, air compressors, pressurized air bottles, and air
compressed from an automobile engine have been used.

6.1.4.4 As already mentioned, gas-lift methods result in
considerable sample agitation and mixing within the well,
and cannot be used for samples which will be tested for
volatile organics. The eductor pipe or weighted plastic tubing
is a potential source of sample contamination, In addition,
Gibb (B) uncovered difficulties in sampling for inorganics.
These difficulties were attributed to changes in redox, pH,

32

Gas Driven Piston Pump

and species transformation due 1o solubility constan
changes resulting from stripping, oxidation, and pressure
changes.

6.1.5 Gas Displacement Pumps:

6.1.5.1 Gas displacement or gas drive pumps are distin.
guished from gas-lift pumps by the method of sample
transport. Gas displacement pumps force a discrete columr
of water to the surface via mechanical lift without extensive
mixing of the pressurized gas and water as occurs with 'ifi
equipment. The principle is shown schematically in . 4.
Water [ills the chamber. A positive pressure is applied 10 the
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gas line closing the sampler check valve and forcing water up
the sample line. By removing the pressure the cycle can be
repeated. Vacuum can also be used in conjunction with the
gas (30). The device can be permanently installed in the well
(33, 34, 35) or lowered into the well (36, 37).

6.1.5.2 A more complicated two stage design constructed
of glass with check valves made of TFE-fluorocarbon has
been constructed (38, 39). The unit was designed spectfically
for sample testing for trace level organics. Continuous flow
rates up to 2.3 Lpr (0.6 gpr) are possible with a 5.1 ¢m (2
in.) diameter unit.

6.1.5.3 Gas displacement pumps have also been devel-
oped with multiple functions. The water sample in Fig. 3
provides piezometric data measurements with an internally
mounted transducer (d0). A sample with its transducer
exposed externally for piezometric measurements is illus-
trated in Fig. 6 (41). The sensor can activate the gas source at
the surface to cause sample chamber pressurization at the
predetermined depth. Ancther design can be used as a water
sampler or as a too] for injecting brine or other tracers into a
well (42),

6.1.5.4 Gas displacement pumps offer reasonable poten-
tial for preserving sample integrity because littie of the
driving gas comes in contact with the sample as the sam ple s
conveved to the surface by a positive pressure. There is,
however, a potential loss of dissolved gasses or contamina-
tion from the driving gas and the housing materials.

33

6.1.6 Bladder Pumps:

6.1.6.1 Bladder pumps, also referred to as gas-operated
squeeze pumnps, consist of a flexible membrane enclosed by a
rigid housing. Water enters the membrane through a check
valve in the vessel bottom; compressed gas injected into the
cavity between the housing and bladder forces the sarnple
through a check valve at the top of the membrane and into a
discharge line (Fig. 7). Water is prevented from re-entering
the bladder by the top check valve. The pracess is repeated to
¢vele the water to the surface. Samples taken from depths of
30.5 m (100 ft) have been reported,

6.1.6.2 A vanety of design modifications and materials
are available (43, 44). Bladder materials include neoprene,
rubber, ethylene propyvlene terpolymer (E.P.T.), nitrile, and
the fluorocarbon Viton.®> A bladder made of TFE-fluoro-
carbon is also under development (43). Automated sampling
systems have been developed to control the time between
pressurization cycles (46),

6.1.6.3 Bladder pumps provide an adaptable sampling
tool due primarily to the number of bladder shapes that are
feasible. These devices have a distinet advantage over pas
displacement pumps in that there is no contact with the
driving gas. Disadvantages include the large gas volumes
required, low pumping rates, and potential contamination
from many of the bladder materals, the rigid housing, or
both.

6.1.7 Gas Driven Piston Pumps:

AR30202¢
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6.1.7.1 A simple and inexpensive example of 2 gas driven
piston pump is a syringe pump (47). The pump (Fig. 8) is
constructed from a 50 mL plastic syringe with plunger stem
removed. The device is connected 1o a gas ling to the surface
and the sample passes through a check valve arrangement to
a sampling container at the surface. By successively applving
positive and negative pressure to the gas-line, the plunger is
activated driving water to the surface.

6.1.7.2 A double piston pump powered by compressed air
is iltustrated in Fig. 9. Pressurized gas enters the chamber
between the pistons; the alternating charnler pressurization
activates the piston which allows water entry during the
suction stroke of the piston and forces the sample to the
surface during the pressure stroke (48). Pumping rates
between 9.5 and 30.3 L/hr (2.5 to & gal/hr) have been
reported from 30.5 m (100 ft). Depths in excess of 457 m
{1500 ft) are possible.

6.1.7.3 The gas piston pump provides continuous sarmple
withdrawal at depths greater than is possible with most other
approaches. Nevertheless, contributicn of trace elements
from the stainless steel and brass is a potential problem: and
the quantity of gas used is significant.

6.1.8 Packer Pump Arrangement:

6.1.8.1 A packer pump arrangement provides a means by
which two expandable “packers” isolate a sampling unit
between two packers within a well, Since the hydraulic or
pneumatic activated packers are wedged against the casing
wall or screen, the sampling unit will obtain water samples
only from the isolated well portion. The packers are defiated
for vertical movement within the well and inflated when the
desired depth is attained. Submersible, gas lift, and suctior
pumps can be used for sampling. The packers are usually
constructed from some type of rubber or rubber compound
{48, 49, 50, 51). A packer pump unit consisting of a vacuum
sampler positioned between two packers is illustrated in Fig,
10 (52). '

6.1.8.2 A packer assembly allows the isolation of discrete
sampling points within a well. A number of different
samplers can be situated between the packers depending
upon the analytical specifications for sample testing. Vertical
movement of water outside the well casing during sampling
is possible with packer pumps but depemnds upom the

pumping rate and subsequent disturbance. Deterioration of

the expandable materials will occur with time with the
increased possibility of undesirable organic contaminants
contributing to the water sampie

7. Sample Containers snd Preservation

7.1 Coraplete and uneguivocal preservation of sarnples,
whether domestic wastewater, industrial wastes, or natural
waters, is practically impossible. At best, preservation tech-
niques only retard the chemical and biological changes that
inevitably continue after the sample is removed from the
source, Therefore, insuring the timely analysis of a sample
should be one of the foremost considerations in the sampling
plan schedule. Methods of preservation are somewhat lim-
ited and are intended to retard biological action, retard
hydrolysis of chermical compounds and complexes, and
reduce the volatility of constituents. Preservation methods
are generally limited to pH control, chemical addition,
refrigeration and freezing. For water samples, immediate
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refrigeration just above freezing (4°C in wet ice) is often the
best preservation technique available, but it is not the only
measure nor is it apphicable in all cases. There may be special
cases where it might be prudent to include a rec-Ying
thermometer in the sample shiprent 1o verify the ma m
and minimum’ temperature to which the samples -wera
exposed. Inexpensive devices for this purpose are available,

7.2 All bottles and containers must be specially pre-
cleaned, pre-labelled, and organized in ice-chests {isolating
samples and sampling equipment from the environment)
before one goes into the field. Otherwise, in anv comprehen-
sive program utter chaos usually develops mn the field or
laboratory. The timne in the field is very valuable and should
be spent on taking field notes, measurements, and in
documenting samples, not on labelling and organizing sam-
ples. Therefore, the sampling plan should include clear
instructions to the sampling personnel concerning the infor-
mation required 1n the fizld data record logbook (notebook),
the informaticn needed on comtainer labels for identifica-
tion, the chain-of-custody protocols, and the methods for
preparing field blanks and spiked sarmples. Example of
detailed plans and documentation procedures have been
published (14, 53).

7.3 The exact requirements for the volurmes of sampile
needed and the number of containers 1o use may vary from
laboratory to laboratory. This will depend on the specific
analyses to be performed, the concentration levels of interest,
and the individual laboratory protocals. The manager of the
sarupling program should make no assumptions about the
laboratory analyses. He should discuss the analytical require-
ments of the sarpling program in detail with the laboratory
coordinator beforehand. This 15 especially the case e
some analyses and preservation measures must be perk. xd
at the laboratory as soon as possible after the samples armive.,
Thus, appropriate arrangements must be made.

7.4 There are a number of excellent references available
which list the containers and preservation techniques appro-

‘priate for water and soils (13, 14, 50, 54, 55, 56). The

Q

“Handbook for Sampling and Sample Preservation of Water
and Wastewater”™ is an excellent reference and perhaps the
most comprehensive one (14). Some of this information is
summarized in Table 1.

7.5 Sample containers for trace organic samples require
special cleaning and handling considerations (57). The
sample container for purgeable organics consist of a screw-
cap vial (2% 10 125 mL) fitted with a TFE-flourocarbon faced
silicone septum. The vial 18 sealed in the laboratory imrmedi-
ately after cleaning and is only opened in the field just prior
1o pouring sample into it. The water sample then must be
sealed into the wial headspace free (no air bubbles) and
immediately cooled (4°C) for shipment, Multiple samples
(usuaily about four taken from cne large sample container)
are taken because leakage of containers may cause losses,
may allow air to enter the contamers, and may cause
erroneous analysis of some constituents. Also, some analyses
are best conducted on independent protected sampiles.

7.6 The purgeable samples must be analyzed by the
laboratory within 14 days after collection, unless they are to
be analyzed for acrolein or acrylonitrile (in which case they
are to be analyzed within 3 days). For samples for s t
extraclions {extractable organics-base neutrals, acids wnd
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pesticides), the sample bottles are narrow mouth, screw cap
quart bottles or tladji1g2hﬂh3n1.l)(rltlem;1ﬂhual.l1arv1:'tx:£:nr]forclenallenjL
ninsed with the extracting organic solvent and oven dried at
105°C for at least 1 h. These bottles must be sealed with
TFE-fluorocarbon lined caps (Note). Sarnples for organic
extraction must be extracted within 7 days and analyzed
within 30 days after extraction. Special pre-cleaned, solvent
rinsed and oven-dried stainless steel beakers {one for each
monitoring well) may be used for transferring samples from
the sampling device to the sample containers.

NoOTE-—When collecting samples, the bottles should nati be overfiied
or prerinsed with sample before filling because ail and other materials
mav reruain in the bottle. This can cause crroneously high results

7.7 For a number of groundwater parameters, the most
meaningful measurements are those made in the field at the
time of sample collection or at feast at an on-site laboratory,
These include the water level in 1he well and parameters that

sometimes can change rapidly with storage. A discussion of

the various techniques for measuring the water level in the
well is contaired in a NCASI publication {5) and detailed
procedures are outlined in a U.S. Geological Survey publica-
tion (58). Although a discussion of these techmiques is
beyond the scope of this guide, it is important to point out
that accurate measurements must be made before a well is
flushed or only after it has had sufficient time 1o recover
.mmmﬂMSWMcmzmm@:mmMyuﬂhsﬂmmhmmm
specific conductance, pH, turbidity, redox potential, dis-
solved oxygen, and temperature. For some of the other

pararncters, the emphasis in groundwater monitoring is on
the concentration ()f'fzi(ﬂhl:S[NE(:E[LC‘(iiSShJJ‘!Eﬂj‘i:()r[[pHJJ]E:nnL.:nu34
the total concentration of each. Samples for these types of
measurements should be filtered through 0.45 pm mem-
brane filters ideally in the feld or possibly at an on-site
laboratory as soon as possible, Analyses often requiring
filtered samples include all metals, radioactivity parameters,
total organic carbon, dissolved orthophosphate (if needed),
and total dissolved phosphorous (if needed) (13, 14). If
metals are to be analyzed, filter the sample prior to acid
preservatton. For TOC organics, the filtler material should be
tested 1o assure that it does not contribute 10 the TOC. The
type or size of the filter to be used is not well understood.
However, if results of metal, TOC or other parameters that
could be effected by solids are to be compared, the same
fltering procedure must be used in cach cuse. Repeated
anabytical results should state whether the samples were
filtered and how they were filtered.

7.8 Shipment and receipt of samples must be coordinated
with the laboratory to minimize time in transit. All saruples
for organic analysis (and many other parameters), showld
armive at the laboratory within one day after it is shipped and
be maintained at about 4°C with wet ice. The best way to get
them to the laboratory in good condition is to send them in
sturdy insulated ice chests (coolers) equipped with bottle
dividers. 24-h courier service is recommended, if personal
delivery service is not practical.
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[] | |ri' Designation: D 2488 - 93

Standard Practice for
Description and Identification of
Procedure)?

i~
L

This standard is issued under the fixed designation I 2488; the number im mecliately following the designation indicates the vear of
year of last revision. A number in parzntheses indicates the
superscripl epsilon {e) indicates an edirorial change since the last revision or reapproval.

onginal adoption or, in the case of revision, the

This siandard has been approved for use by agencies of the Department af Defense. Consult the Dol) Index of Specifications and
y the Department of Defense.

Standards for the specific year of issue which Ias been adopred

1. Scope

1.1 This practice covers procedures for the deseription of
soils for engineering purposes,

.2 This practice also describes a procedure for identifying
soils, at the option of the user, based on the classification
system described in Test Method D 2487. The identification
is based on visual examination and manual tests. It must be
clearly stated in reporting an identification that it is hased on
visual-manual procedures.

1.2.1 When precise classification of soils for engineering
purposes is required, the procedures prescribed in Test
Method D 2487 shall be used.

L.2.2 In this practice, the identification portion assigning
a group symbol and name is liraited to sojl particles smatler
than 3 in. (75 mm).

1.2.3 The identification portion of this practice is limited
to maturally occurring soils (disturbed and undisturbed).

NoTE |—This practice may be used as a descriptive system applied
to such materials as shale, claystone, shells, crushed rock, ete. {See
Appendix X2).

1.3 The descriptive information in this practice may be
used with other soil classification systems or for materials
other than naturally occuring soils.

1.4 This standard does not purport 1o address all of the
safety problems, if any, associated with its wse. ft is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determ ine the applica-
bility of regulatory limitations prior to wse. For specific
precautionary statements see Section 8.

L5 The values stated in inch-pound units
regarded as the standarc.

are to be

2. Referenced Documents

2.1 ASTAM Standards:

D 653 Terminology Relating to Soil, Rock, and Contained
Fluids?

D 1452 Practice for Soil Investigation and Sampling by
Auger Borings?

21586 Test Method for Penetration Test and Split-Barre)
Sampling of Soils?

! This practice is under the jurisdiction of ASTM Comirittze 118 on Soil and
Raock and i3 the direct responsibility of Subcornmittee DIE.07 on identification
and Classification of Soils.

Current. edition approved Sept. 15, 1993, Published Novemnber 1963, Originally
published as [ 2488 - 66 T, Last previous edition T3 2488 - 00

2 dnnual Book of ASTAS Stitndeards, Yol D4 .08,

228

Soils (Visual-Manual

year of last reapproval, A

o

D 1587 Practice for Thin-Walled Tube

D213 Practice
Investigation?

D 2487 Classification of Soils for Engineering Purpose
{Unificd Soil Classification System)®

D 4083 Practice for Description of Frozen Sonls (Visua).
Manual Procedure)?

Sampling of Soils?
for Diamond Core Drilling for Siie

3. Terminology
3.1 Definitions: i
3.1.1 Except as listed below, all definitions are in accor.
dance with Terminology D 653. ‘
Note 2—For particles retained oo a 3-in. (75-mm) US standard :
sieve, the following de: nitions are suggesied: =
Cobbles—particles of rock that will pass 4 12-in. (300-mm) square -

opening and be retained on a 3-in. {75-mm) sieve, and C

Boulders—particles of rock that will not pass a 12-in. (300-mm)
square opening. b

3112 clap—soil passing a No. 200 (75-um) sieve that "
can be made to exhibit plasticity (putty-like properties)
within a range of water contents, and that exhibits consider-
able strength when air-dry. For classification, a clay is a
fine-grained soil, or the fi ne-grained portion of a soil, with a
plasticity index equal to or Ereater than 4, and the plot of
plasticity index versus liquid Limit falls on or above the “A”
line (see Fig. 3 of Test Method D 2487

3.1.1.3 gravel—particles of rock that will pass a 3-in.
(75-mm) sieve and be retained on a No. 4 {4.75-mm) sieve
with the following subdivisions:

coarse—passes a 3-in. (75-mm) sieve and is retained ona
Ya-in. {I9-mm) sieve.

fine—passes a Ya-in. (19-m tn) sieve and is retained on a
No. 4 (4.75-mm) sieve.

3014 organic clay-—a clay with suflicient organic con-
tent to influence the soil properties. For classification, an
organic clay is a soil that would be classified as a clay, except
that its liquid limit value after aven drying is less than 75 % |
of its liquid limit value before oven drying.

3115 erganic sift-—a silt with suffici 0t organic content
to influence the soil properties. For class ication, an organic
silt 1s a soil that would be classified as a silt except that its
liquid limit value after oven drving is less than 75 % of its
liquid limit value before aven drying.

3. LL6 peat-—a so0i) composed primarily of vegetable tissue
In varous stages of decomposition usually with an OTgAnic
odor, a dark brown to black color, a spongy consistency, and a
texture ranging from fibrous to am orphous.

3017 sand—particles of rock that will pass a No. 4

-
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GROUP_SYMBOL

GROUP NAME

o <230 plus N, 200 ~==oo——— = < 15% phus Ma. 200 = Lean clay

R we %6 3and 2>% of gravel —sezgmo-——-—- e VE% gravet ——

"

2235% phus Mo. |

- % sand

e
o

ML <
.,

it Z30% plus No.
_________ aravelly silt
T 5% sand e w= Gravelly silt with sand
_yr S30% plus No, 200 weszmm——-——-#= < 15% plus No. 200 = Fat chay
e B
CH <
\‘-"'\.
M >30% plus No. 200 -
e I0% plug Mo, 200 ~===zz— -
e . T 15.25% plus Mo, 200 ez - e % saned 2% grave) -——- Aw= Eastie: silt with sand
M << T Elastic silt with grarve)
\"“\\__ _____ ae % sanid 2% off graved sz - < 15% gravel —- - Sandy elastic gilt
W 30% phus No. 2007 T - Sandy elastic silt with gravel
TR sapd % graviel -~z am- < 1E% sand - Gravelly elastic sily

o I 5 25% plas N, 200 ezzom——-—--! - %, sand 2% gravel -————— » Lean clay with sand

- Lean clay with gravel

o= Sancly lean clay

el L T = Sancly lean clay with gravel
] = Gravelly 1ean clay

- <30% plus No. 200 === w= < 15% plus Mo, 200 - St

NoTE-——Fercentages are based on estimating amounts of fines, sand, arkd graved 1o the nearest 5 %.
' FIG. ‘la Flow Chart for dentifying norganic Fine-Grainéd Seil (50 % or more fines)

{4.75-mm) sieve and be retained on a No. 200 (75-pm) sieve
with the following subdivisions:

_coarse-—passes a No. 4 (4.75-mm) sieve and is retained on
a No. 10 (2.00-mm) steve. o

medium—passes a No. 10 (2.00-mm) sieve and is retained
or a No. 40 (425-um) sieve. '

[fine—passes a No. th[i|L4K2!5-111]]]i:ﬂh:\re::311(1 is retained on a
No. 200 (75-um) sieve. _ '

3118 sift—soil passing a No. 200 (75-pum) sieve that is
nonplastic or very slightly plastic and that exhibits little or no
strength when air dry. For classification, a silt is a fine-
grained soil, or the fine-grained portion of a soil, with a
Dlasticity index less than 4, or the plot of plasticity index
versus liguid limit falls below the A" line (see Fig. 3 of Test
Method 1D 2487,

GROUP SYMBOL

OL/OH<_

T S 30% plus No. 200 -

4, Summary of Practice .
4.1 Using visual examination and simple maaual tests,
this practice gives standardized criteria and procedures for
describing and identifying soils. .
4.2 The soil can be given an identification by assigning a

group symbol{s) and narne. The flow charts, Figs. la and 1b

for fine-grained soils, and Fig. 2, for coarse-grained soils, can
be used to assign the appropriate group symbol{s) and name.
If the soil has properties which do not distinctly place it into
a specific group, borderline symbols may be used, see
Appendix X3,

NoTe 3—11 is suggested that a distinction be made between dual
symbols and borderline syrmbols.

Dual Symbol—A dual symbol is two symbols separated by a hyphen,
for example, GP-GM, SW-SC, CL-ML used to indicate that the soil has
been identified as baving the properties of a classification in accordance
with Test Method D 2487 where two. symbols are required. Two
symbols are required when the soil has between -5 and 12 % fines or

GROUP NAME

= Qrgarae soil
= Jrgooie soil with sand
= Jegonrie 3oil with growe)
- Sandy orgamiec soil
- Sandy organvie 1oit with gravel
Gravelly organic soil
Gravelly crgomic soil with sand

NoTE— Percentages are based on estimating amounts of fines, sardd, and gravel to the pearest 5 %.
FIG. 1b Fiow Chart for ldemtifying Organic Fine-Grained Soil (50 % or more fines)
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GROUP SYMBOL GROUP NAMI
gy
55 Tines - el graded )] = <2 15% sand) s ‘Wetl-graded gravet
1 . g ———
! Ssal T e 15% sangf == - ‘Aall.graded gravet with sand
// . Pootly gesded - Gi IF’ ________ < 15% sand Poorly geaded gravel
25 A2 16% sang) ——————#~ Poarly graded gravel with sand
/ ~
/ _ar Aell-graded ez A Tines=ML or MH —————————- G ‘N'(JI WI ______ = S 15% sanct 'Well-greded gravel with silt
GRAVEL / T T g T > 5% sangt ————— o Mell-graded gravel with sitt anc
% gravel > {———— 0% Times << I fines=CL ar CH -—————ri - GWHRC e 215% are Well graded gravel with clay
% sand \ M‘“‘-\‘_“ ~ 215% sanc ——-———4- Well-graded gravel with clay an
N *Poorly greded -megmm———m—————— = fines=ML or MH ~————————~ »- GilF Llpﬂ <X15% sand = Poarly graded gravel with st
\ 2159 yancl ~—————#= Poorly graded grinel with st a
\ <2159 sane| Poorty graded gravel with elay
\\ 215% sand ~—=~——#= Poorly graded gravel with clay
y
< 15% sanct #e Salty gravel
\ 216 finey —um==zz T 2V5% sanel ——————a~ Sally gravel vaith sand
< 15% sand ——————# Clayey gravel
>15% sand —————a= Clayey gravel with wand
e Well-graded 1 <15% gravel ———w Wetl-graded tard
5% Firs, = A e 150 grave] —————i- Webl-graded 1ark) wath giavel
j‘ T gy grwded SP o 159 grave] —————a Pooriy gesded sand
// T 15, gravel ———— w Poorlky gerded 1and with gravel
/f e fines=ML or MH = S =S e - < 15% gravel —— 2 Wel-praded sanc) with 1ill
¢ Law Nellgraded ===l o P >15% grave) ~-~ Wakl-grded vand with sily and ¢
S 4= lines=CL or CH ————— »SW-50 - 15% grawe) —o—mtn Wehl-graded sand with clay
SANC / e = v
% sand > < fffffff - 10% firer -::: e 215% grave! - Well-grmied sand with clay smnd
it W - o= tines=ML or MH - SP- M e 5% graw v Poorty graded 1ard writh silt
\ I Doy graded-—esZTT b =t 5 15% gravel-=ee—se Po0rly graded sand with uilt an
N ~=== {ines=CL or CH » -.)‘ ol . = <C15% grevel - w- Pootly graded wnd with clay
N T - > 5% gy gyl —————tr Poorly graded sane with cley m
\ <l g
\ .
LT a- fines=ML or MH »SM e <15% grawel ———w Silty sand

- 2159 gravel
= < V5% grave
W 22 V5% grovel -

Siluy sand with gravel
Clayey sand
Clayey sand with gravel

‘2"!'5% finey ===

- fines=CL or CH - SC

Move—Percentages are based on estimating amounts of fines, sand, and gravel to tha rearest 5 %.
FIG. 2 Flow Chart tor Identitying Coarse-Grained Soils (less than 50 % fines)

when the liguid limit and plasticity index values plot in the CL-ML area results for typical soils of each type with their visual and m
of the plasticity chart. . characteristics.

Borderline Symboi-—-A borderline symbwol is two symbols separated
by a slash, for example, CLACH, GM/SM, CL/ML. A borderline symbol 5.6 When describing and identifying soil samples fic

should be used to indicate that the soil has been identified as having  given boring, test pit, or group of borings or pits, it is

5:;:5:;:25;? ;f:}:'i"‘“"“j'S""‘”ﬂi’lpJa“: the soil into a specific group (¢ pepescary to follow all of the procedures in this practic

e every sample. Soils which appear to be similar ca

grouped together; one sample completely described

5. Significance and Use identified with the others referred to as similar base
5.1 The descriptive information required in this practice perforrming only a few of the descriptive and identific:

can be used to describe a soil to aid in the evaluation of its  procedures described in this practice.

significant properties for engineering use. 5.7 This practice may be used in combination
5.2 The descriptive information required in this practice Practice D 4083 when working with frozen soils.

should be used to supplement the classification of a soil as

determined by Test Method D 2437,

5.3 This practice may be used in identilying soils using the & Apparatus

classification group symbols and narnes as prescribed in Test 6.1 Required Apparatus.

Method 1 2487, Since the names and symbols used in this 6.1.1 Pocket Knife or Small Spatula

practice 1o identify the soils are the same as those used in 6.2 Useful Auxiliary Apporatus:

Test Method I 2487, it shall be clearly stated in reparts and 6.2.1 Small Test Tube and Stopper {or jar with a 1id)
all other appropnate documents, that the classification 6.2.2 Small Hand Lens.

symbol and name are based on visual-manual procedures
5.4 This practice 15 1o be used not only for identification
of soils in the field, but alsp in the office, laboratory, or 7. Reagents

'vufignn:\{eg'jscrhl:sann;q;dtns are inspected and {jexyc1113<mc!. o 7.1 Purity of Water—Unless otherwise indicated, r
s ractice has nartienlar valie . o alrmilar : :
3.5 This practice has Fhal1uﬂjll{3ﬂ‘ ‘~1illﬂ-lﬂﬂglgll)lllflfhg-fthﬂhﬂhil ences to water shall be understood to mean water from a
soil samples so that only a minimum number of laboratory  water supply or natural source, including non-potable w
2SI T 2y d by ~] e e - P - Ly . -

Lests need be run for positive soil classification. 1.2 Hydrochloric Acid—A small bottle of dilute hy

~ T (] P Y -1 (™ 7 neE. 1Y '

NOTE 4—The ability to describe and identify soils correctly is learned 'ﬂQMJWiHFMM@WMJKHKHUNHMWpJBﬂ

more readily under the guidance of experienced personnel, but it may (1 }1{5 reagent 1s optional for use with this practice).
also be acquired systematically by comparing numerical laboratory test Section 8

230
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8. Safety Precautions

8.1 When preparing the dilute HCI solution of one part
concentrated hydrochloric acid (10 N) to three parts of
distilled water, slowly add acid into water following necessary
safety precautions. Handle with caution and store safely. I
<x)1LnLuuu:|‘,()rru.h..vnnW“n|,()t1t;uc1 with the skin, rinse thoroughly
with water.

8.2 Caution—Do not add water to acid.

9, Sampling

9.1 The sample shall be considered to be representative of

the stratum from which it was obtained by an appropriate,
accepted, or standard procedure.

NoTE $—Preferably, the sampling procedure should be identified as
having been conducted in accordance with FH actices 1D 1452, D 1587, or
D 2113, or Method B> 1586.

9.2 The sample shall be carefully identified as to origin.

Note 6--Remarks as 1o the origin may take the form of a boring
oumber and sarple nurber in conjunction with a job number, a
Beologic stratum, a pedologic horizon or a location description with
nespect to a permanent mooument, a grid system or a station nuinber
and offset with respect to a stated centerline and a depth or eievation.

9.3 For accurate description and identification, the min-
imum amount of the specimen to be examined shall be in

Criteria for Describing Angularity of Coarse-Grained
Partickes (see Fig. 3)
Criteria
Particles have sharp edges and relatively plane sid2s with
urpolished surfaces
Particles are similar to angular
rounced edges

TABLE 1

Angular

Subangular description: but  have

~rruﬂ

lﬁ 3:* .lfl

"

enge TET

- ||i
l||||||||||l'!’!Eil |

{d) Subangular

Typical Angularity of Buliky Graings

accordance with the following schedule:
Minimum Speciimen Size,
Ty Weight

100 g (0.25 1)
200 g {05 1)
1.0 kg (2.2 1b)

Maximum Particle Sire,
Sieve Cpening

4.75 mun {No. 4)
9.5 mra (¥4 tn.)
19.0 g (M in)
36,1 ram (12 in.) 80 kg (18 b

75.0 mm (3 io.) 60.0 kg (132 1b)

MNore 7--If ranclom isolated particles ane encountered that are
significantly larger than the partictes in the soil matrix, the soil matrix
can be accurately described and identified in accordance with the
preceading schedule. .

9.4 If the field sample or specimen being e¢xamined is
smaller than the minimum recommended arnount, the
report shall include an appropriate remark.

10, Descriptive Information for Seils

10.1 Angularity—Describe the angularity of the sand
(coarse sizes omly), gravel, cobbles, and boulders, as angular,
subangular, subrounded, or rounded in accordance with the
criteria in Table 1 and Fig. 3. A range of angularity may be
stated, such as; subrounded to rounded.

10.2 Shape—Describe the shape of the gravel, cobbles,
and boulders as flat, clongated, or flat and elongated if they
meet the criteria in Table 2 and Fig. 4. Otherwise, do not
mention the shape. Indicate the fraction of the particles that
have the shape, such as: one-third of the gravel particles are
flat,

10.3 Color—Dwescribe the color,
property in identifving organic seils,

Color is an important
and within a given

TABLE 2 Criteria for Describing Particle Shape (see Fig. 4)

The particke shape shall be described as foflows where lerngih, widih, and
thickness refer 10 the greatest, intermediate, and least dimensions of a particle,

respectively.

Subrounded Particles have mearly plane sides but have welb-ounded Flat Particles with wigth/thickress > 3
corners amnd edges Elongated Particles. with kengthfadcth > 3
Rounded Particles have smoothly curved sides and ro edges Flat and elongated Particles rmeel criteria for both flat and elongated

231
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SHAPE

PARTICLE

W=WIDTH
T=THICKNESS
L=LENGTH
/A_JN\\\\ ,/’Ai!
- . - o -
e Py \\‘:E'—
/,z” ’,d -~ ‘\\\ \\\
R "‘a” “\\\\\ \‘\’.
- ,a"‘ ., _/”’
P -~ ",! "J ‘\\\
o - ” - o~
e - T e |
ol e P ,a” .
[ ] - ;
\<:.r ""” (‘i‘:s.a‘ ' "J l” \" r
., "" < ",o ",p .
, o~ -
\\\\‘-\ ”/"’ ’f””
o, ’,4’ ’,—’
", - -
\\‘ o » o
.., ',—"
‘\‘\ a"’
\\\ ",—
“\“ -
FLAT: W/T>3
ELONGATED: L/W =3
FLAT AND ELONGATED:
—meets both criteria
FIi. 4  Criteria for Paricle Shape
TABLE 3 Criteria for Describing Moisture Condition
Drerscription Criteria
Dy Abysence of moisture, dusty, dry to the touch
Meist Diamp but no visible water
Wet ‘Uhsnﬂfrfree'vvanew;|13Luaﬂy:scﬂlh;l)ehavv-nnauarlzﬂak!

locality it may also be usefut in identifying materials of

similar geologic origin. If the sample contains lavers or
patches of varying colors, this shall be noted and all
representative colors shall be described. The color shall be
described for moist samples. If the color represents a dry
condition, this shall be stated in the report.

10.4 Odor—Describe the odor if organic or unusual. Soils
containing a significant amount of organic materjal usually
have a distinctive odor of decaying vegetation. This is
especially apparent in fresh samples, but if the samples are
(Mmiﬂwcdmwmmmmwnbemwwmtwhmnmganmﬁ&nm
sample. Hf the odor is unusual (petroleum product, chemical,
and the like), it shall be described.

L0.5 Moisture Condition—Describe the moisture condi-
tion as dry, moist, or wet, in accordance with the criteria in
Takble 3,

10.6 HCl Reaction—Describe the reaction with HCI as
none, weak, or strong, in accordance with the critera in
Table 4. Since calcivm carbonate is a common cementing
agent, a report of its presence on the basis of the reaction
with dilute hydrochloric acid 1s important.

TABLE 4 | sriteria for Describing the Reaction With HC)

Description Cnteria
None No visible reaction
Weak Some reaction, with bubhles forming slowty
Strong

Vickent reaciion, with bubbles forming irnnnedi;

TABLE 5 Criteria tor Describing Consisiency

Description rifena

Very soft Thumb will penetrate soil more than 1 in. (25 rrn)

Sol Trumiby will penetrate scal zdyout 1 . (25 )
Firm Thamiy will indent soil about % in, (6 ITifTY)
Hard Thumb wih not indent soit but reachly indentad with thumibr

Very hard Thurmbingil will not indent seil

10.7 Consistency—For intact fine-grained soil, descr
the consistency as very sofi, sofi, firm, hard, or very hard,
accordance with the criteria in Table 5, This observatior
inappropriate for soils with significant amounts of gravel

10.8 Cementation—Describe the cementation of int
coarse-grained soils as weak, moderate, or strong, in aceos
ance with the criteria in Tabie 6.

HOB‘Sbummmﬁn{hmcﬁbeihasnummmac%iuumtsdh
accordance with the criteria in Table 7

10.10 Range of Particle Sizes-—For gravel and sand co)
ponents, describe the range of particle sizes within ea
component as defined in 3.1.2 and 3.1.6. For example, abo
20 % fine to coarse gravel, about 40 % fine to coarse sand

10.11 Maximum Farticle Size—Describe the maximu

particle size found in the sample in accordance with 6
following information: -

10.11.1 Sand Size—If the maximurm particle size is
sand size, describe as fine, mediurm, or coarse as defined
3.L6. For example: maximum particle size, medium sand,

10.11.2 Gravel Size—-If the maximum particle size is
gravel size, describe the maximum particle size as it
smailest sieve opening that the particle will pass. Fi
example, maximum particle size, 1% in. {will pass a 1'2-b
square opening but not a ¥-in. square opening),

mlhiGmMum&mmmﬁmmemmmmmnmmm
size is a cobble or boulder size, describe the rmaximur
dimension of the largest particle. For example: maximug
dimension, I8 in. (450 mm).

[0.12 Hardness—Describe the hardness of COATSE Sam
and larger particles as hard, or state what happens when th
particles are hit by a hammer, for example. gravel-siz
particles fracture with considerable hammer blow, som
gravelsize particles crumble with hammer blow. “Hard
rneans particles do not crack, fracture, or crumble under ;
hammer blow.

10.13 Additional comments shall be noted, such as th
presence of roots or root holes, difficulty in drilling o
augenng hole, caving of trench or hole, or the presence o
mica.

[0.14 A local or commercial name or & geologic interpre

TABLE 6 Criteria for Describing Cementation

Description

Criteria

Weak Crumbles or breaks with hending or litle fnger pressune
Maderate Crurmnbles or breaks with considerable finger pressure
Sirongg Will not crumble or break with finger pressure

AR30203y
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TABLE 7 Criteria for Describing Structure

"7 Daseription Criteria

i;ﬂ;nﬂiscl Alernating layers of varying material or color wilh layes at

- lzast B mm thicc; nota thickness

" Lamirated Afternating tayers of varylng material or color with the

layers hxss ﬂh:u\i:luﬂm\i?ﬂcin note thickness

rissured Breaky along definite planes of fracture with it
resistance to fracturing

spcikensiced Fractura planes appear polished or glossy, sometmes
striated

Biocky ~ohesiva soil 1hat can be broken down into small angular
lumps which resist further breakdown

Lensed Inglusion of small pockets of different soils, such as small
lenses of sand scattered through a mass of clay; note
thickness

Homageneeus Same cotor ard appeararnce throughout

tation of the sotl. or both, may be added if identified as such.
[0.15 A classification or identtfication of the scil in

accordance with other classification systems may be added if

identified as such.

11. Identification of Peat
1.1 A sample composed primarily of vegetable tissue in
various stages of decomposition that has a fibrous to
- amorphous texture, usually a dark brown to black color, and
an organic odor, shall be designated as a highly organic soil
and shall be identified as peat, PT, and not subjected to the
identification procedures descrnibed hereafter.

12, Preparation for Idemtification

121 The soil identification portion of this practice is
. based on the portion of the soil sample that will pass a 3-in.
' (75-mm) sieve. The larger than 3-in. (75-mm) particles must
* be removed, manually, for a loose sample, or mentally, for
; an intact sarnple before classifying the soil,
122 Fstimate and note the percentage of cobbles and the
; percentage of boulders. Performed wvisually, these e stinaates
;- will be on the basis of volume percentage,

¥

" Nore 8---Since the percentages of the particle-size distribution in
- Test Method ID 2487 are by dry weight, and the estimates of percentages
for graved, sand, and fines in this practice are by dry weight, it is
 meommended that the report state that the percentages of cobbles and
. boulders are By volume.

12.3 Of the fraction of the soil smaller than: 3 in. (75 mm)
sstimate and note the percentage, by dry weight, of the
gravel, sand, and fines {see Appendix X4 for suggested
procedures),

Note 9—Since the particle-size components appear visually on the

basis of volurne, considerable experience is required to estimate the

_ Ptreentages on the basis of dry weight. Freguent comparisons with
' ladnaraM(nry particle-size analyses should be made.

.l4L_3.1. The percentages shall be estimated to the closest
%. The percentages of gravel, sand, and fines must add up
10 100 %.

12.3.2 If one of the components is present but not in
nx[fxc1f=rnt-cpu“lrltlt)' to be considered § % of the sraller than
din. (75-mm) portion, indicate its presence by the term
trace, %:eamph trace of fines. A trace 1s not to be
tonsidered in the total of 100 % for the components.

13. Preliminary ldentification
13.1 The scil is fine grained if it contains 50 % or rmore

4

fines. Follow the procedures for identifying fine-grained soils
of Section 14,

13.2 The soil is cogrse grained if it contains less than 50 %
fines. Follow the procedures for identifying coarse-grained
soils of Section 15.

14, Proceduwre for Identifying Fine-Grained Soils

14.1 Setect a representative sample of the material for
exanination. Remaove particles larger than the No, 40 sieve
{redium sand and larger) until a specimen equivalent to
about a handful of material 1s available. Llse this specimen
for performing the dry strength, dilatancy, and toughness
fests.

14.2 Dry Strengti:

14.2.1 From the spectmen, select enongh material to mold
into a kall about 1 in. (25 mm) in diameter. Mold the
matenzal untl it has the conststency of putty, adding water if
Jﬂt’(1’55u1i‘f

14.2.2 From the molded material, make at least three test
specimens. A test specimen shall be a ball of material about
V2 in. (12 mm) in diameter. Allow the test specimens to dry
in air, or sun, or by artificial means, as long as the
It’IIlI)El ature does not exceed 60°C.

2.3 If the test specimen contains natural dry lumps,
thoaelhatam:abomﬂbxnm_(Hizmmn)unthd;mﬂcrrn&ytmruyxl
in place of the molded balls.

NoTE }0--The process of molding and drying uwsually produces
higher strengzths than are foursd in natural diy lumps of soil.

14.2.4 Test the strength of the dry balls or lumps by
crushing between the fingers. Note the streogth as none, low,
medium, high, or.very high in accorance with the criteria in
Table 8. If natural dry lumps are used, (lc> nat use the nesults
of any of the lumps that are found tc> contain particles of

_coarse sand.

233

14.2.5 The presence of high-strength water-soluble ce-
menting materials, such as calcium carbonate, may cause
exceptionally high dry strengths. The presence of calcium
carbonate can wsually be detected from the intensity of the
reaction with dilute hydrochloric acid (see 10.6).

14.3 Dilatancy:

14.3.1 From the specimen, select :-:ucﬂJgrtllnnulttﬁrlad‘1() mold
into a ball about % in. (12 mm) in diameter. Mold the
maztenal, adding water if necessary, until it has a soft, but not
sticky, cwammsdirnemlczy.

14.3.2 Smooth the soil ball in the palm of one hand with
the blade of a knife or small qJ¢|lLLLa Shake horizontally,
striking the side of the hand vigorously against the other
hand several times. Note the reaction of water appearing on

TABLE 8 Criteria for Describing Diry Strength

Description Criteria

None: The dry specimen crumbies into powder with mere pressure
of handling

Low The dry specimen crurmbles into powder with some finger
DrEssuna

Mechurn The dry specimen tweaks into pieces of corumbles  with
considerable finger pressure

High The dry specimen cannot be broken with finger pressure.
Specimen will breal into pieces between thumb and a hard
surface

Very high The dry specimen cannot be broken bebween the thumib arkd a

hard surface
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i TABLE 8 Criteria for Describing Ditatancy 14.7.1 Identify the soil as a lean clay, CL, il the s
- " 4 - M
i Description Criteria medium (o high dry strength, no or slow dilatanc
f None No visible change in the specimen o 111(>£thgnnn.lhans;ty;uasw;:azlti plasticity (see Table 12).
& Slow Waler appears stowly on the surface of the specimer during 14.7.2 Identify the soil as ajat clzy, CH, if the s
:f :sheﬂ(hug and does not disappear or disappears slowly upon }ligﬂh: to very ;hﬂﬂ;ll (Ir}! SlJW:Ilgﬂﬁhh. no (iilﬂ];lllCQy, anc
i squeezing AERe Arr] lact it fomn " 1
’ Rapid Water appears quickly on the surtace of the specimen during t()FlEJ1|?§~>S ‘1r“ClJF@JlSJJ(’lt)']uSEJ— .[:l;lhﬁ -ldn)- » )
: shaking and disappears quickly upon squeezing 14.7.3 Identify the soil as a silt, ML, if the soil has

low dry strength, slow 1o rapid dilatancy, and low toy
and;ﬂmﬁkﬂy,orﬁwnnuﬂmnkwwxmeﬂe12L

TABLE 10 Criteria for Describing Toughness - 14.7.4 Identify the soil as an elastic silt, MEL, if the s

Description . Giteria o ~ low to medium dry strength, no to slow dilatancy, and |
Low Orly slight pressure is required ta roll the thread near the medium toughness and plasticity (see Table 12).
ptasth:!ﬁrﬂt.111&-thre%ufaancltf&zlurnpveuten~exlk and soft . . . . )
Medium  Medium pressure is required o roll the thread 1o near the NoTE H-——These properties are simiar to-those for a lem
phastic limit. The thread and the lump have medium stiffiess HMWﬂmnanﬂhmﬂdﬂhmm*huxnhehamjmmfmwuummmﬂ
High Corsiderable pressure i required to roll the thread to near the feel when dry. Sh)rnn::yaits'thu:\kx)ud(l1:Lassify as MH in accordam
Plastic limit. The thread and the fump have very high the criteria in Test Method D 2487 are visually difficult 10 disti
slifiness from lean clays, CL. It may be necessary to perform laboratery
for proper identification.
- . . - 0 . i A vt it o s PR o Y F I I Coffon
the surface of the soil. Squeeze the sampile by closing the 14.8 Identification of Organic Fine Grained Soils:
hand or pinching the soil between the fingers, and note the 14.8.1 Identify the soil as an organic soil, OL/OH,

reaction as none, slow, or rapid in accordance with the ’*C"J:'C‘)I?tfliffs enough organic particles to influence thy
criteria in Table 9. The reaction is the speed with which properties. Organic soils usually bave a dark brown 10 |
watcr appears while shaking, and disappears while squeezing. ‘?cnh]q‘zll](l:n”“alr;hua"e:Zirl'cnﬂg;llllc:()(lcxr"[)11‘:[“")II;EUHJ‘::S()L
14.4 Toughness: (Lhuaxigy? EzFﬂl)l; ]1)[it3!u?l]]])!§g:I?lfhcl(‘lf) txr(ryvrl, UVllf?ﬂ{f:){EN?Ei
14.4.1 Following the completion of the dilatancy test, the tlff:;all'.f?‘?fi?fz'C"”gzlrlhc:Eif"Uh’.‘VIII ngthhafl'lrlngnad(zrl;ﬂqullf{c:
test specimen is shaped into an elongated pat and rolled by “!?‘:EE'EUHQ'ClFLEKJ‘ ‘“ﬁii?aj1lf’-5()lls '?""?’:‘lfy 1AKLL|'t““q"hha‘fE:'a
. . . o toughness or plasticity. The thread for the toughness tes
hmmjonasnuxnhsudwunmﬂynwwmlﬂmthnsnﬂoanhuxml be Spone
about & in. (3 mmn) in diameter. (If the sample is too wet to % Spongy. o ) _
roll easily, it should be spread into a thin layer and allowed Wmfmmmﬁﬂﬁﬁﬁmm@TW@mewT@$ﬂm
to lose some water by evaporation.) Fold the sample threads 1;&:::3’ﬁ5,:f’:2:'};:;{lpg;;z:iiiisﬂgi;;’ﬁf;::::;:;’lkh;?stﬁg:izzgtéfflﬂié;jzsé:z
and reroll repeatedly until the thread crumbles at a diameter toughness tests, and laboratory tests can be made 10 identify organic
of about % in. The thread will crumble at a diameter of ¥4 in certain deposits of similar raterials of known geologic origin
in. when the soil is near the plastic limit. Note the pressure
required to roll the thread near the plastic limit. Alsn, note
the strength of the thread. After the thread crumbles, the
pieces should be lumped together and kneaded until the
lump crumbles. Note the toughness of the material during
kneading
14.4.2 Describe the toughness of the thread and Junip as
low, medium, or high in accordance with the criteria in gravel, or both, the words “sandy™ or “gravelly” shall
Table 10. added to the group name. Add the word “sandy™ if tt
1415f%wmknyn43ntm3hmmhmﬁﬂmmwaﬁomsmmdeduﬁhg appears o be more sand than gravel. Add the w
the toughness test, describe the plasticity of the material in “gravelly™ if there appears to be more gravel than sand.
accordance with the criteria given in Table i1 example: “sandy lean clay, CL", “gravelly far clay, CH".
14.6 Decide whether the soil is &n inorganic or an organic “sandy silt, ML" {sce Figs. la and Ib). If the perceniage
fine-grained soil (see 14.8). 1f inorganic. fallow the steps sand 1s equal 1o the percent of gravel, use “sandy.”
given in 14.7. . _ o . . _
14.7 Identification of Inorganic Fine-Grained Soiis: I5. .[’r()c1:ﬂhu|we for I(Le11tni;r1rug; Coarse-Grained Soils (C
| N rains less than 30 % fines)

[4.3 If the soil is estimated to have 15 to 25 % e
gravel, or both, the words “with sand” or “with gra
(whichever is more predominant) shall be added to the gr
name. For exampie: “lean clay with sand, CL” or “silt »
gravel, ML” (see Figs. 1a and Ib). If the percentage of sar
equal o the percentage of gravel, use “with sand ”

14.10 If the soil is estimated to have 30 % or more sam

TABLE 11 Criteria for Describing Flasticity 151 The soil is a gravel if the percentage of gravel
i estimated to be more than the percentage of sand.

o

Description

Nonplastic A Va-in, G3qnmn1|1rueumj-ca;umat\3e-rouexiealen1y weater content
Low The thread can barely be roted ard the lump cannot e TABLE 12 Identitication of Inorganic Fine-Grained Soils from
formed when drier than the plastic lmit Manual Tests
Medium Tha thread is easy 1o roll and not much time is required to Soil —
reach the plastic limit. The thread cannot be rerolled after ‘,'ac" Dry Strength Dilatancy Toughness
reaching the plastic it The mp crumbles when drier ,,)EYEUET?L". ,,,,,,,,,, e
ihan the plastic limit L None 10 krw Slow to rapid Low or thread cannol
High It takes considerable time roling ard kneading to reach the formag
plastic imil. The thread can be rerolled several times after CL Medium to high More to slow Medium
reaching the plastic. lirnit. The lump can be fomed without tAH Low 1o medium Mone to slow Low 1o medium
crumbing when drier than the plastic lirnig CH High to very high None: High
234
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15.2 The soil is a sand if the percentage of gravel is
estimated 1o be equal to or less than the percentage of sand.

15.3 The soil is a clean gravel or clean sand i the
wrcentage of fines is estimated to be 5 % or less.

15.3.1 Identify the soil as a well-graded gravel, GW, or as
a well-graded sand, SW, if it has a wide range of particle sizes
and substantial amounts of the intermediate particle sizes.

15.3.2 Identify the soil as a poorly graded gravel, GP, or as
a poorly graded sand, SP, if it consists predominantly of one
size (uniformly graded), or it has a wide range of sizes with
some intermediate sizes obviously missing (gap or shap
graded).

15.4 The soil is either a gravel with fines or a sand with
fines if the percentage of fines is estimmated to be 15 % or
more.

15.4.1 Idennfy the soil as a clayey gravel, GC, or a ¢layey
sand, SC, it the fines are clayey as determined by the
procedures in Section 14

15.4.2 Identify the soil as a silty gravel, GM, or a silty
sand, SM, if the fines are sity as determined by the
procedures in Section 14,

.15.5 If the soil is estimated to contain 10 % fines, give the
soil a dual identification using two group symbols,

#15.5.1 The first gronp symbol shall correspond to a clean
gravel or sand {(GW, GP, SW, SP) and the second symbol
shall correspond to a gravel or sand with fines (GC, GM, SC,
SM)

. 15.5.2 The group name shall correspond to the first group

symbot plus the words “with clay™ or “with silt” to indicate
the plasticity characteristics of the fines. For example:
swell-graded gravel with clay, GW-GC” or “poorly graded
gsun(!'vvitll silt, SP-SM” (see Fig.2).
g}zliiJﬁi If the specimen is predominantly sand or gravel but
tontains an estimated 15 % or more of the other coarse-
irined constituent, the words “with gravel” or “with sand”
gtu{HP'tnE;uaujxicnj! to the group name. For example: “poorly
fraded gravel with sand, GP" or “clayey sand with gravel,
SC” (see Fig. 2). -
557 If the field sample contains any cobbles or boulders,
or both, the words “with cobbles” or “with cobbles and
boulders” shall be added to the group name. For example:
“silty gravel with cobbles, GM.”

LA
18. Report
-16.1 The report shall include the information as to origin,
EQJCI1JJ<::ibem115:ihnmiicnalxzcl.irl']Teﬂtdt: 13.
£ NOTE 13-—Example: Clayey Gravel'with Sand and Cobbles, GC--
fpbqtniiﬁ)'55:ﬁhzeetcvcx)axsx;.srﬂbltnu11dhhditcnsuituunu;uﬂau:gn:awmﬂh.al>un1t:3Cl5%
"¢ to-coarse, subrounded sand; about 20 % Hnes with mediurm

Fttﬂﬁcity; high dry strength, no dilatancy, medium toughness; weak

[

Sn

TABLE 13

. Graup narne

. Group symbol

. Percent of cobbles or boulders, or both [y voiume)

. Percent of gravel, sand, or fines, or all thhes [y ciry weight)
. Particie-size range:

Checklist for Description ol Soils

N o L3 A -

Gravel-—-fine, coarse:
Sanc---fine, medium, coarse
B. Particle angularity: angular, subangutar, subrourdsd, roundec
7. Farticle shape: (it appropriate) flat, elongated, flat and elongated
8. Maximumn particle size or gimension
9. Hardness of coarse sand and larger particles
10. Flasticity of fings: nonplastic, low, eedium, high
V1. Dy strength: none, kow, mediurm, higi, very high
12, Cieatancy: nore, skow, rapid
13. Toughness: low, medium, bigh
14. Coler (in rnoist condition)
15. Cdar {menticn only if organic of unusual)
16. Mosture: dry, moist, wet
17. Reaction with HC): none, weak, strong

For imac! samples:
18. Co ency [fine-graired scils only): very soft, soft, firm, hard, wery hard
19, Structure:  stratified, larminated. fissured, slickensided, lensed, RO

gEheoUs

20. Cementation: weak, moderate, strong

21. Local pame

22, Geclogic interpratation

23. Additional commients: presence of rools or oot holes, presence of mica,
gypsum, #lc., surface coatings on coarse-grained particies, caving or
sloughing of auger hole or trench sides, difficutty in augesing o excavating,
etc.

reaction with HCL; original field sample had abowl § % (by volume)
subrounded cobbles, raximum dimension, E50 mm.

In-Place Conditions—Firm, homogeneous, dry, brown

Geologic Interpretation—Aluvial fan

NoTe 14-—Other examples of soil descriptions and idemification are
given in Appendixes X1 and X2. _

NoTE | 5---1f desired, the percentages of gravel, sand, and fines may
be stated in terms indicating a range of percentages, as follows:

Trace—-Particles are present but estimated to be less than $ %

Few—-5 1o 10 %

Little—1510 25 %

Some--30 to 45 %

Mostly-—50 to 100 %

l@ﬂﬁ&hmmeﬁmdhmﬁmkmﬂhc&ﬂ”ﬁﬂanmmimhma
classification group syrobol and name as described in Test
Method D 2&4431?,iht1nnnu:ﬂtlaf:cjﬁinttnu:tljr:aJ)(i-cﬂx:auﬂhy'sizrtenj]ill.h:q;
forms, summary tables, reports, and the like, that the symbol
and name are based on visual-manual procedures

17, Precision and Bias

17.1 This practice provides qualitative information only,
thercfore, a precision and bias statement s not applicable.
18. Keywords

I8.1 classification; clay; gravel; organic soils; sand: silt;
soil classification; soil description: visual classification
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APPENDIXES

(Nonmandatory Information)

X1. EXAMPLES OF VISUAL SOIL DESCRIPTIONS

X1.1 The following examples show how the information
required in 16.1 can be reported, The information that is
mmmm»mdmmmmm;mmmumtmmimxmmmmm
circumstances and need,

X1.L.} Well-Graded Gravel with Sand (GW)-—About
75 % fine to coarse, hard, subangular gravel; about-25 % fine
lo coarse, hard, subangular sand: trace of fines; maximum
size, 75 mm, brown, dry; no reaction with HCL

X1.1.2 Silty Sand with Gravel (SMj—About 60 % pre-
mmMWMyHMmetMMMZH%:Wwﬁmsuthw
plasticity, low dry strength, rapid dilatancy, and low tough-
ness; about 15 % fine, hard, subrounded gravel, a few
gravel-size particles fractured with hammer blow; maximum
size, 25 mm; 11().re:a<rthcun!!afilt|Z[i]CII|[P413te>-—-lzicﬂhjlsua;xl;;le::ﬁtze:
smaller than recommendeq).

In-Place Conditions—Firm, stratified and contains lenses
of silt 1 to 2 in. (25 to 50 mmy} thick, moist, brown 10 gray;

in-place density 106 Ib/ft*; in-place moisture 9 %.

X1.1.3 Organic Soil (OL/OH)—About 100 % fi;
low plasticity, sfow difatancy, low dry strength, ;
toughness; wet, dark brown, organic odor; weak
with HCL

XI1.1.4 Silty Sand with Crganic Fines (SM)—Abo
fine to coarse, hard, subangular reddish sand: abm
organic and silty dark brown nonplastic fines with
strength and slow dilatancy; wet; maximum size,
sand; weak reaction with HCIL

X115 Poorly Graded Gravel with Silt, Sand, Cob|
Boulders (GP-GM)—About 75% fine to coarse
subrounded to subangular gravel: about 15 % fine
subrounded to subangular sand; about 10 % silty no;
fines; moist, brown; no reaction with HCL; origin
sample had about 5% (by volume) hard, subr
cobbles and a trace of hard, subrounded boulders,
maximum dimension of 18 in. (450 mm).

X2. USING THE IDENTIFICATION PROCEDURE AS A IJHEZEB(:]!U[[’][]F\’]E::STiﬁEf]F]IJ\dl FOR SHALE, CLAYST(

SHELLS, SLAG, CRUSHE

X2.1 The identification procedure may be used as a
descriptive system applied to materials that exist in-situ as
shale, claystone, sandstone, siltstone, mudstone, etc., bu
convert to soils after field or laboratory processing (crushing,
slaking, and the like). ‘

X2.2 Matenals an(:tl:a:;:streﬂlsg‘c:r115d1euj|1ﬁcn:l:,:slaug, and the
like, should be identified as such. However, the procedures
used in this practice for describing the particle size and
1)lau;LLcit]/ucilerau:tczristi(:s:cnuagf'tu: used in the description of the
nmmmﬁﬂgﬁdmﬂnxLanL@nnﬂkmﬁontmh@&uyoupmmnmnum
symbol according to this practice may be assigned to atd in
describing the material

X2.3 The group symbol(s) and group names should be
placed in quotation marks or noted with some type of
distinguishing symbol. See examples.

X2.4 Examples of how group narnes and symbols can be
incororated into a descriptive systern for materials that are
not naturally occurring so0ils are as follows:

X241 Shale Chunks—Retrieved as 2 to 4-in. (50 to

D ROCK, AND THE LIKE

100-mm) pieces of shale frorn power auger kole, dry, |
no reaction with HCL After slaking in water for
material identified as “Sandy Lean Clay (CL)™ aboy
fines with medium plasticity, bigh dry strength, no dil;
and medinm toughness; about 35 % fine to medium
sand; about 5 % gravel-size pieces of shale.

X2.4.2 Crushed Sandstone—Product of comn
crushing operation; “Poorly Graded Sand with Si
SM)”; about 90 % fine to mediom sand; about
nonplastic fines; dry, reddish-trown, strong reactior
HCL.

X2.4.3 Broken Shells—About 60 % gravel-size b
shﬂh;abaut3@4%.%mﬂ.amd:ﬁndahﬁzﬁmﬂ pieces;
10 % fines; “Poorly Graded Gravel with Sand (GP)."

X2.4.4 Crushed Rock-——Processed from gravel and
bles in Pit No. 7; “Poorly Graded Gravel {GP)™; about
fine, hard, angular gravel-size particles; about 10 % ¢
hard, angular sand-size particles; dry, tan; no reaction
H(l,

X3. SUGGESTED PROCEDURE FOR USING A BORDERLINE SYMBOL FOR SOILS WITH TWO POSSIB

IDENTIFIC

X3.1 Since this practice is based on estimmates of particle
size distribution and plasticity characteristics, it may be
difficult to clearly identify the sail as belonging to one
category. To indicate that the soil may fall into one of 1wo
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CATIONS

possible basic groups, a borderline symbol may be used
ImeoMﬂmohxmmnmdbyaﬁmhfhnﬁmnmmSCﬂ
CL/CH.

X311 A borderline symbhol may be used when
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ntage of fines is estimated to be between 45 and 35 %.

symbol should be for a coarse-grained soil with fines
he other for a fime-grained soil. For example: GM/ML
A8C.

1.2 A borderline symbol may be used when the
ptage of sand and the percentage of gravel are estimated
- about the same. For example: GPYSP, SC/GC, GM/
it is practically impossible to have a soil that would have
derline symbol of GW/SW

(1.3 A borderline symbol may be used when the soil
| be either well graded or poorly graded. For example:
GP, SW/SP,

1.4 A borderline symbol may be used when the soil
" either be a silt or a clay. For example: CL/ML,
AH, SC/SM.

1.5 A borderline symbol may be used when a fine-

grained soil has properties that indicate that it 15 at the
boundary between a soil of low compressibility and a soil of
high compressibility. For example: CL/CH, MH/ML.

X3.2 The order of the borderline symbols should reflect
similarity to surrounding or adjacent soils. For example: soils
in a boirow area have been identified as CH., One sample is
comsidered to have a bordertine symbol of CL and CH. T«
show similarity, the borderline symbol shouid be CH/CL.

X3.3 The group name for a scil with 2 borderline symbol
should be the group name for the first symbol, except for

CL/CH lean to fat clay
ML/CL clayey silt
CL/ML silty clay

X34 The use of a borderline symbol should not be used
indiscriminately. Every effort shall be made to first place the
soil into a single group.

X4, SUGGESTED PROCEDURES FOR ESTIMATING THE PERCENTAGES OF GRAVEL, SAND,
AND FINES IN A SOIL SAMPLE

L

L1 Jar Method---The relative percentage of coarse- and
mained material may be estimated by thoroughly
ng a mixture of soil and water in a test tube or jar, and
allowing the mixture to settle. The coarse particles will
o the bottom and successively finer particles will be
sifed with increasing time; the sand sizes will fatl out of
nsion in 20 to 30 s. The relative proportions can be
ated from the relative volume of each size separate.
method should be correlated to particle-size laboratory
minations.

L2 Viswal Method--—-Mentally visualize the gravel size
“les placed in a sack (or other container) or sacks. Then,
& same with the sand size particles and the fines. Then,
ally corapare the number of sacks to estimate the
‘mtage of plus No. 4 sieve size and minus No. 4 sieve size

present. The percentages of sand and fines in the minus sieve
size No. 4 material can then be estimated from the wash test
{X4.3).

X4.3 Wash Test (for relative percentages of sand and
Sfines)—Select and moisten enough minus No. 4 sieve size
material to form a 1-in {(23-mm) cube of soil. Cut the cube in
half, set one-half to the side, and place the other half in a
small dish. Wash and decant the fines owt of the material in
the dish until the wash water is clear and then compare the
two samples and estimate the percentage of sand and fines.
Remember that the percentage is based on weight, not
volume. However, the volume comparison will provide a
reasonable indication of grain size percentages.

X4.3.1 While washing, it may be necessary to break down
lumps of fines with the finger to get the correct percentages

X5, ABBREVIATED SOIL CLASSIFICATION SYMBOLS

1 In some cases, becauvse of lack of space, an abbrevi-
system rnay be usefil to indicate the soil classification
0l and name. Examples of such cases would be graph-
2gs, databases, tables, etc.

+.2 This abbreviated system is not a substitute for the
rme and descriptive information but can be used in
lementary presentations when the complete description
erenced.

.3 The abbreviated system should consist of the soil
fication symbol based on this standard with appropriate
v case lerter prefixes and suflines as:

237

Prefix: Soffin:

5 == with sand

£ = with gravel

¢ = with cobbles
b = with Bboulders

s = sandy
g = gravelly

X5.4 The soil classification symbol is to be enclosed in
parenthesis. Some examples would be:

Group Symbol and Full Name Abbreviated
CL, 3andy lean clay HCLY
SP-5M, Poorly graded sand with silt and gravel (SP-SM)g
GP, poorly graded gravel with sand, cobbles, and boulders GPych
ML, gravelly silt with sand and cobbles (MLl
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X6. RATIONALE

Changes in this version from the previous version, Classification Symbois.
D 2488 - 90, include the addition of X5 on Abbreviated Soil

The Amearican Society for Testing and Materials takes na position respecting the vaiidity of any patent rights assered in connection
with any jtem mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, anc! the risk of infringement of such rights, are efitirely their own responsibility.

This standlard is subject to revision ar any time by the responsitile techinical committee and must b reviewod every five years and
# not revised, either reapproved or withdrawn. Your comments are invited sither for revision of this standard or for adiditional standiards
and should be addressed to ASTM Headquarters. Your comments will receive careful cansideration at a meeting of the responsitie
technical committes, which you may attend. if you feel thet your comments have not received & fair hearing you shoutd make your

views known ¢ the ASTM Committee on Stanclards, 1616 Race St, Philadelphia, PA 137103,

3
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q P’l Designation: D 2435 - 96

Stanclard Test Method for
One-Dimensional

consolidation Properties of Soils?

This standard is issued under the fixed designation D 2433; the number immediately following the designation indicates the year of
original adoption or, in the case of revisicn, the year of last revision. A pumber in parentheses indicates the vear of last reapproval. A
saperseript epsilon {¢) indicates an editorial change since the last revision or reapproval.

1. Scope™
1.1 This test method covers procedures for determining
(he magnitude and rate of consolidation of soil when it 1s
restrained laterally and draned axially while subjected to
incrementally applied controfled-stress loading. Two alterna-
tive procedures are provided as follows:
1.1.¢ Tesi Method A-—This test method s performed with
constant load increment duration of 24 h, or multiples
thereof, Time-deformation readings are required on & rmin-
tmum of two load increments,
1.1.2 Test Method B—Time-deformation readings are
required on all load increments. Successive load increments
“are applied after 100 % primary consolidation is reached, or
*at constant time increments as described in Test Method A

Note 1-—The determiration of the rate and magnitude of consolida-
tion of soil when it is subjected to controtled-strain loading is covered by
Test Methad D 41B6.

": 1.2 This test method is most commonly performed on
; ondisturbed samples of fine grained soils npaturally
} “mented in water, however, the basic test procedure is
_ icable, as welt, to specimens of compacted scils and
undisturbed samples of soils formed by other processes such
23 weathering or chemical alteration. Evaluation techniques
j specified in this test method are generally applicable to soils
g baturally sedimented in water. Tests performed on other
%'sils such as compacted and residual {(weathered or chemi-
x Glly altered) soils may require special evaluation techriques.

ﬁg‘ _l.3u It shall be the responsibility of the agency requesting
= this test to specify the magnitude and sequence of each load

¥ ncrernent, including the location of a rebound cycle, if

Rquired, and, for Test Method A, the load increments for
which time-deformation readings are desired.

- Note 2—-Tirme-deformation readings are required to determine the
tme for completion of primary consolidation and for evaluating the
teeflicient of consolidation, c,. Since ¢, varies with stress level and load
Icremyent (loading or unloading), the Joad increments with limed
. ®adings moust be selected with specific reference to the individual

i Preject, Alternatively, 1he requesting agency may specily Test Method B

Wﬁ-tpaim the time-deformation readings are taken on all load increments.

1.4 The values stated in ST units are to be regarded as the
?mmﬁudffhe‘nmmmJWM£dinimdrpoundLuﬁmzweappn»h
Mate and given for guidance only. Reporting of test results

¥ .
wd ;hls 1est method s under the jursdiction of ASTM Cemmitter D-18 on Soil
DFI( and is the direct responsitality of subcommittee 218.05% on Stuciural
Oberties of Sgif
Cyere e . s
~}f:r-nt edition approved Jume 10, 1996. Published August 1996, Originally
ed as 13 2435 - 557, Last previpus edition I 2435 - 90,

in units other than SI shall not be regarded as nonconfor-
mance with this test method.

1.4.1 In the enginecring profession M is custormary prac-
tice to use, interchangeably, units representing both mass
and force, unless dynamc calenlanons (& = Afa) are
involved. This implicitly combines two separate systems of
units, that is, the absolute system and the gravimetric sysiem.
It is scientifically undesirable to combine two scparate
systerns within a single standard. This test method has beern
written using SI units; however, inch-pound conversions are
given in the gravimetnic system, where the pound {(ibf)
represents a unit of force (weight). The use of balances or
scales recording pounds of mass (lbra), or the recording of
density in Ib/ft? should not be regarded as nonconformance
with this test method.

1.5 This standard does not purport 1o address all of the
safery concerns, i any, associated with its wse. i is the
responsibility of the user of this standard to establizh appro-
priate safety and health practices and determine the applica-
hility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

D422 Method for Particle-Size Analysis of Soils?

2653 Terminology Relating to Soil, Rock, and Contained
Fluids® : :

12854 Test Method for Specific Gravity of Soils?

D 1587 Practice For Thin-Walled Tube Geotechnical
Sampling of Soils?

D2216 Test Method for Laboratery Determination of
‘Water (Moisture) Content of Soil and Rock?

2487 Classification of Soils for Engineering Purposes?

[ 2488 Practice for Description and Identification of Soils
(Visual-Manual Procedure)?

23550 Practice for Ring-Lined Barrel Sampling of Soils?

D 3740 Practice for Minimum Requirements for Agencies
Engaged in the Testing or Inspection, or both, of Soil
and Rock as Used in Engineering Design and Con-
struction®

D4186 Test Method for One-Dimensional Consolidation
Properties of Soils Using Controlled-Strain Loading?

34220 Practice for Preserving and Transporting Soil
Samples?

34318 Test Method for Liguid Limit, Plastic Limit, and
Plasticity Index of Soils?

D 4452 Methods for X-Ray Radiography of Soil Samples?

2 Annual Book of ASTM Standards, Vol (04.08.

* A Summary of Changes section appears at the end of this test method.
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l ! Ho:= 19050 num -
; H,=8.238 mm
. Void Relio snd Strain Informatlion
Load dy 4 H =
i Tucremenl corrected EAH LAHH, [Hg-AH)

*
{kPa) | (mans) L} (%) tmm) (H-H, )/ Ih., Croefficient of Consolidation, «,
[ initial | 5.3300 [] ] 19.0500 1.231
% 5.301% 0.9288 0.5 19.0212 1.328
1 10 5.2743 0.9557 0.29 . 1235 dypcorrecied DAaH Lon [{ 149 [
1 . W s.2167 01135 .59 1 {mun) (mm) 1%) (o) cs0 [sec) |
B 40 51161 02138 T2 18,9361 1:208 + 604 TR AT T 500 -
1 &0 4.9433 0.3867 2.3 18.6633 1.186 47545 281 1 18.515 1168 Tad
r 160 4.4740 D.8560 4,49 13.1340 1.131 378671 B0 1 17506 T.050 516
L JZ0 2.9804 2.3496 12.33 16,7004 0956 4053 ‘ T4E6 | 16.218 0. 500 T
l: ‘ 640 1.5908 3.4392 18.605% 15.6108 0,028 1.5077 ! B 006 | 15.228 0,784 156
il‘ 1260 0.9860 4.3440 22.80 14,3050 0722
! N 320 1.0747 4.2553 2.0 14,7947 0.733
| B a0 1.4000 3.9300 ’l] 63 15,1200 0.771
i . 20 1.0169 35131 1344 i 0.820
1 . 5 2.2319 3.0981 16.26 159519 0.858

FIG. 1 Consolidation Test Surmmary

D 4546 Test Methods for One-Dimensional Swell or  provided data from which estirnates of the precon

Settlement Potential of Cohesive Soils*

3. Terminology
3.1 Definitions—7The definitions of terms used in this test
method shall be in accordance with Terminology D 653,

4, Summary of Test Method

4.1 In this test method a soil specimen is restrained
laterally and loaded axially with total stress increments. Each
stress increpaent is
pressures are completely dissipated. Daring the consolidation
process, measurements are made of change in the specimen
height and these data are used to determine the relationship
between the effective stress and void ratio or straim, and the
ate at which consolidation can occur by evaluating the
coefficient of consolidation.

8. Significance and Use

5.1 The data from the consolidation test are used to
estimate the magnitude and rate of both differential and total
settlernent of a structure or earthfill. Estimates of this type
are of key importance in the design of engineered structures
and the evaluation of their performance.

5.2 The test results can be greatly affected by s‘trrlpﬂh’
disturbance. Careful selection and preparation of test speci-
mens is required 1o minimize disturbance,

NoTe 3—Notwithstanding the staterment on precision and bias

contained in this standard, the precision of this test method is dependent
on the competence of the personnel performing the test and suitability

of the equipment and facilities used. Agencies that mee1 the criteria of

Practice I 3740 generally are consicdered capable of corapetent and
objective testing. Users of this test method are cantioned that compli-
ance with Practice ID 3740 does pot assure reliable testing, Reliable
testing depends on many factors, and Practice ID 3740 provides 2 means
of evaluation some of these factors

5.3 Consolidation test results are dependent upon the
magnitucle of the load increments, Tre 1cliticr:halljr the load is
doubled for each increment resulting in a load-increment
ratio of 1. For undisturbed samples, this load procedure has

maintained until excess pome waker

pressure also referred to as the maximun past press
established evaluation techuiques, compare dire
field measurement. Other load schedules may b
model particular field conditions or meet specia
toents. For example, it may be desirable to inur
load the specimen in accordance with the wetting «
pattern expected iz the feld in order to best sin
response. Smailer than standard load increment n
be desirable for soils that are highly sensitive
response is highly dependent on strain rate. ™ ~ te
specified to estimate the preconsolidation pr ;E‘]
siruple technique to verify that one set of i€ re
taken . afier the preconsolidation pressure. linz\nz
evaluation techniques exist and may yield different
of the preconsolidation pressure. Therefore, the 1
agency may specify an alternate technique to est
preconsolidaticn pressuore.

5.4 Consolidation test results are dependent -
duration of each load increment. Traditonally,
duration is the same for each increment and equa
For some soils, the rate of consolidation is ¢
conaplete consolidation {dissipation of excess pore
will require more than 24 h. The apparatus in ge
does not have ;yr()\dh;hcunw; for formal verificatior
pressure dissipation. It is necessary o use am inter
technique which indirectly determioes that consol
complete. This test method specifies two techmig
ever the requesting agency may specify an alterna
nique and still be in conformance with this test me¢

5.5 The apparatus in general use for this test me
not have provisioms for verification of saturatic
undisturbed samples taken from below the water tat
saturated. However, the tirme rate of deformatior
sensitive 1o degree of saturation and caution
exercised regarding estimates for duratton of se
when partially saturated conditions prevail. The
which partial saturation influences the test results
part of the test evaluation and may inclad vh
theoretical models other than convention. __ons
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eory. Alternatively, the test may be performed using an

jparatus equipped to saturate the specimen.

© This test method uses conventional consolidation
based on Terzaghi’s consolidation equation to com-

1té the coefficient of consolidation, ¢,. The analysis is based

»on the following assumptions:

5.6.1 The soil is saturated and has homogeneous proper-

25
56.2 The flow of pore water is in the vertical direction;
5 6.3 The compressibility of soil particles and pore water

negligible compared to the compressibility of the soil
eleton;

5.6.4 The stress-strain relationship is linear over the load
wcrement;

5.6.5 The ratio of soil permeability to soil compressibility
_constant over tho load increment; and
5.6.6 Darcy’s law for Tow through porous media applizs.

. Apparatus

6.1 Load Device—A suitable device for applying vertical
oads or 1otal stresses) to the specimen. The device should be
apable of maintaining specified loads for long periods of
ime with an accuracy of & 0.5 % of the applied load and
hould permit quick application of a given load increraent
vithout sigmificant irpact, o

Note 4-—Load application generally should be completed in a time:
worpssponding to 0.01 £, or less. For soils where primary consolidation
i3 completed in 3 min, load application should be less than 2 s.

6.2 Consolidometer—A device to hold the specimen in a
£ hat is either fixed to the base or floating (supported by
n on periphery of specimen) with porous disks on each
face of the specimen. The inside diamneter of the ring shall be
determined to a tolerance. of 0.075 mm (0.003 in.). The
consolidometer shall also provide a means of subroerging the
specimen, for transmitting the concentric verticat load to the
porous disks, and for measuring the change in height of
specimen., . . :
i6.2.1. Minimum Specimen Diameter—The minimum
specimen diameter shall be 50 mm (2.00 in.).
v 6.2.2 Minimum Specimen Height—The minimum indtial
specimen height shall be 12 mm (0.5 in.}, but shall be not less
than ten times the maximum particle diameter.

_ Norte 5---If large particles are found in the specimen after testing,
iclude in the report, this visnal observation or the results of a particle
size analysis in accordance wilh Method D 422 (except the moinimum
satmple size requineroent shall be waived),

6.2.3 Minimum Specimen Diameter-to-Height Ratio—
Ple minirmura specimen diameter-to-height ratio shall be

-,

» NoTE 6—The use. of greater diatoeter-to-height ratics is recom-
IIII:'n'(ll.‘.dl. To minimize the effects of friction between the sides of the
specimen and ring, a diameter-to-height ratio greater than four s
preferable.

6.2.4 Specimen Ring Rigidity—The rigidity of the ring
Shal]l_ be such that, under hydrostatic siress conditions in the
specimen, the change in diameter of the ring will not exceed
003 & of the diameter under the greatest load applied.

.S Specimen Ring Material—The ring shall be made of
» .udlerial that is noncorrosive in relation to the sonl tested.
The inner surface shall be highly polished or shall be coated
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with a low-friction materjal, Silicone grease or molybdenum
disulfide is recommended; polytetrafluoroethylene 15 recom-
mended for nonsandy scils.

6.3 Porous Disks—The porous disks shall be of silicon
carbide, alurminun oxide, or similar noncorrosive tnaterial,
The grade of the disks shall be fine enough to prevent
intrusion of soil into the pores. If necessary, a filter paper (see
Mote 7) may be used to prevent intrusion of the soil into the
disks; however, the permeability of the disks, and filter
pmpmmihxmdynwmth:mﬂammoneonkwcirmngwn@ckﬁﬁwf
than that of the specimen.

NOTE T-—Whatman No. 54 filler paper has been found to oeet
requirements for permeability and durability.

631 Diameter—The diameter of the top disk shall be 0.2
to 0.5 mum (0.0 to 0.02 in.) less than the inside diameter of
the ring. I a floating ring is used. the bottom disk shall have
the same diameter as the top disk.

Neme 8—The use of tapered disks is recommended, with the larger
diareter in contact with the soil.

6.3.2 Thickness—Thickness of the disks shall be sufficient
10 prevent breaking. The top disk shall be loaded through a
corrosion-resistant plate of sufficient rigidity to prevent
breakage of the disk.

6.3.3 Maintenance—The disks shall be clean and free
frorn cracks, chips, and nonuniformities. New porous disks
should be boiled for at least 10 minutes and left in the water
to cool 1o ambient temperature before use. Immediately after
each use, clean the porous disks with a nonabrasive brosh
and boil to remove clay particles that may reduce their
permeability. It is recommended that porous disks be stored
in & jar with deaired water between tests.

6.4 Specimen Trimming Device—A trimming turntable
or a cylindrical cutting ring may be used for trinming the
sample down to the inside diameter of the consolidometer
ring with a minimum of disturbance. A cutter having the
same inside diameter as the specimen ring shall attach to or
be integral with the specimen ring. The cutier shall have a
sharp edge, 2 highly polished surface and be coated with a
Jow-friction material. Alternatively, a turntable or trimming
lathe may be used. The cutting tool must be properly aligned
to form a specimen of the same diameter as that of the ring.

6.5 Deformation Indicator—To measure change in spec-
imen height, with a readability of 0.0025 min (0.0001 in.).

6.6 Miscellaneous Equipment—Including timing device
with 1 s readability, distilled or demineralized water, spat-
ulas, knives, and wire saws, used in preparing the specimen.

6.7 Balances, in accordance with Method D 2216,

6.8 Drying Oven, in accordance with Method I 2216

6.9 Water Content Containers, in accordance with
Method D 2216,

610 Environment— Tests shall be performed in an envi-
ronment where temperature fluctuations are less than + 4°C
{% 7°F} and there is no direct exposure to sunlight.

7. Calibration
7.1 The measured vertical deformations must be cor-
rected for apparatus flexibility whenever the calibration
correction determined in 7.4 exceeds 5 % of the measured
deformation and in all tests where [ilter paper disks are used.
77 Assernble the consolidometer with a copper or hard
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steel disk of approximately the same height as the test
specimen and | mm (0.04 in.) smaller in diameter than the

ring, in place of the sample. Moisten the porous disks. If

filter papers are to be used (see 6.3), they should be
nmﬂmmlmﬂsm&mmtmm(aHMMMMMME!mmJ
allowed for the moisture to be squeezed from them during
each increment of the calibration process.

7.3 Load and unload the consolidometer as in the test and
measure the deformation for each load applied. When filter
papers are used it is imperative that calibration be performed
following the exact loading and unloading schedule o be
used. This is due to the inelastic deformation characteristics

of filter paper. Recalibration for tests without filter paper
need be done only on an annual basis, or after replacement
and reassembly of apparatus componenis,

7.4 At each load applied, plot or tabulate the corrections
to be apphed to the measured deformation of the test
specimen. Note that the metal disk will deform also; how-
ever, the correction due to this deformation will be negligible
for all but extremely stiff soils. If necessary, the compression
of the metal disk can be computed and applicd to the
carrections,

8. Sampling

8.1 Pﬁm1mvs[)!:87amﬂlL'3>mluoww1m£ma%ue$cmm
apparatus that may be used to obtain undisturbed samples
mmmmw:mMEMmyfﬂtLM%.;mcmmm:mw‘motm
trimmed from large undisturbed block samples fabricated
and sealed in the field, Finally, rtﬂnnujdclfhjl'>FN‘(JHDEN’I!S.103:!)! be
prepared from bulk samples to density and moisture condi-
tions stipulated by the agency requesting the test.

8.2 Undisturbed samples destined for testing in accor-
ti‘ltncz= with this test method shall be preserved, handled, and

ransported in accordance with the practices for Group C
¢l[bGl D samples in Practices D 4220, Bulk samples for
remolded specimens should be handled and transported in
accordance with the practice for Group B samples.

8.3 Storage—Storage of sealed samples should. be such
that mo moisture is lost during storage, that is, no evidence of
partial drying of the ends of the samples or shrinkage. Time
of storage should be minimized, particularly when the soil or
s0il moisture is expected to react with the sample tubes,

8.4 The quality of consolidation test results diminishes
greatly with sample disturbance. It should be recognized that
no sarmpling procedure can ensure completely undisturbed
samples. Therefore, careful examination of the sample is
essential in selection of specimens for testing,

NoTtg 9--Exarnination for sample disturbance, stones, or other
inclusions, and selection of specimen location is greatly facilitated by
x-ray radiography of the samples (see Methods T 4452).

2. Specimen Preparation

9.1 All possible precautions should be taken to minimize
disturbance of the soil or changes in moisture and density
during specimen preparation. Avoid vibration, distortion,
and compression,

9.2 Prepare test specirnens in an environment where soil
roisture change during preparation is minimized.

NOTE 10-—A high humidity environment is usually used for this
prpose.

9.3 Trim the specimen and insert it into the consolidation

210

ring. When specimens come from undisturbed soil colle
using sample tubes, the inside diameter of the tube shall |
least 5 mm (0.235 in.) greater than the inside diameter of
consolidation ring, except as noted in 9.4 anc " 5. )
recommended that either a trimrning turntable o. nd
cutting r111gr be used to cut the soil to the proper diame
When using a trimming turntable, make a complets pey
eter cut, reducing the specimen diameter to the in
diameter of the coosolidation ring. Carefully insert
specimen into the consolidation ring, by the width of the
with a minimum of force. Repeat untidl the specir
pmmMu(mmlM=Manofmenu,“%mlmn
memkaMMHm1mm&wwﬂmammkmmmmﬁ
of the cutting edge. After the taper is formed, advance
cutter a small distance to form the final diameter. Repeat
process wntil the specimen protrudes from the ring.

9.4 Fibrous soils, such as peat, and those soils that

:asily damaged by trimming, may be transferred dirm
from the sampling tube to the ring, provided that the ring
the same diameter as the sample tube

9.5 Specimens obtained using a ring-lined sampler may
used without pror trimuming, provided they comply with
requirements of Practice D WﬁﬂldmdLMutunxmﬂhod.q

9.6 Trina the specimen flush with the plane ends of
ring. The speciznen may be recessed .Luglltl)rlbn=lcrvv 1118‘113[
the ring, to facilitate centering of the top stone, by par
extrusion and t111111111115' of the bottom surface. For soft
medione soils, a wire saw should e used for ijnnnnnnuunQ!
top and l)()tl(?trl of the specimen o minimize sallt'aj1unq;
straightedge with a sharp cutting edge may be used for.
final trim after the excess soil has first been removed wit
wire saw. For stiff soils, a sharpened straightedge - +nr
lmuud&wnmmﬁmJM1mhmﬂhmomlfamhﬁAmu
is encountered in any surface being trimmed, it should
rerpoved and the resulting void filled with soil from 1
trimmings. )

Note 11---If, at any stage of the test, the specimen swells beyond
initial height, Uhe-|1aq11Ln:rru-:n11)f lateral restraipnt of the soil dictates
use of a recessed specimen or the use of a sperimen ring equipped w
an extension collar of the same inner-dingacter as lhm“jptx:ﬂlltlllrhn!,
no time should the specimen extend beyond the specimen ring
extension collar,

9.7 Determine the initial wet mass of the specirnen, M
m the consolidation ring by measuring the mass of the ri
with specimen and subtracting the tare mass of the ring.

9.8 Determine the initial height, H,, of the specimen
the nearest 0.025 mm (0.001 in.} by taking the average of
least four evenly spaced measurements over the top a
bottom surfaces of the specimen using a dial comparator
other suitable measuring device.

9.9 Compute the initial volume, V,, of the specimen
the nearest 0.25 cm?® (0.015 in.?) from the diameter of t
ring and the mnitial specimen height.

9.1 Obtain two or three natural water content detern
nations of the soil in accordance with Method D 2216 fro
material trimmed adjacent 1o the test specimen if sufficie
material is available.

9.11 When index properties are specified by the 1
questing agency, store the remaining trimmiogs taken fro
around the specimen and determined to be similar ‘erl
in a sealed container for determination as desc Jd
Section 10, -
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10. Gpil Index Property Determinations
10.1 The determination of index properiies is an impor-
ant adjunct 1o bt not a requirerment of the consolidation

Iu:;L.'ITtn:st:-ch;tfrrlrli[uajjcnxls.‘artusll specified by the 11:(111emnrthg
ag¢J1(:y'sﬂh1)lllcl tre:lm?zmcha on the aost {(:pnn&ﬁu3:3tzyl1\n: material
sossible, When testing uniform rnaterials, all index tests may
ibe;;u:rii)r1115njic)11 aujjzrct:[rt1trir[|r;LLtugs:()cﬂﬂx:cﬂa:(l.irn!Jufll . 'When
sarnples are heterogeneous or trimmings are in short supply,
index tests shiould be performed on material fr(>tx:.1ﬂnj:lszst
speciren as obtained in 11.6, plus representative Lrimmiimgs
collected in 9.11.
102 Specific Gravity—The specific gravity shall be deter-
mined in accordance with Test Method D 854 on material
from the sample as specified in 10.1. The specific gravity
from another sample judged to be similar to that of the test
specimen may be used for calculation in 12.2.5 whenever an
aceurate void ratio is not needed
10.3 Atterberg Limits—The liquid limit, plastic limit gnd

Jasticity index shall be determined in accordance with Test
memd])43ﬂ8Lmh@JnamhMIﬁnn}ﬂu;xummmzmspadﬁaj
in 10.1. Determination of the Atterberg limits are necessary
ﬁba'1311);>em"rcuaszrizdl~clzussific:31j()tl but are not a requirement
of this test method

- 10.4 Particle Size Disiribution—The panticle size distribu-
tion shall be determined in accordance with Method D 422
(except the minimum sample size requirement shall be
waived) on a portion of the test specimen as olained in
11.6. A particle size analysis may be helpful when visual
inspection indicates that the specimen contains a substantial
fraction of coarse grained material but is not a requirement

of this test method.

11. Procedure

11.1 Preparation of the porous disks and other apparatus
will depend on the specimen being tested. The
consolidometer must be assembled in such a manner as to
prevent a change in water content of the specimen. Dry
porous disks and filters must be used with dry, highly

xpansive soils and may be used for all other scils. Damp

disks may be used for partially saturated soils. Saturated
disks may be used when the specimen is saturated and
known 1o have a low affinity for water. Assemble the ring
with specimen, porous disks, filter disks {when needed) and
consolidometer, If the specimen will not be inundated
shortly afler application of the seating load (see 11.2), enclose
the comselidometer in a loose fitting plastic or rubber
membrane to prevent change in specimen volume due to
evaporation.

NoTE 12—In order 10 meet the stated cbjectives of this test method,
thc_: specimmen must not be allowed to swell in excess of its initial height
prior o being loaded bevond its preconsolidation pressure. Detailed
procedures for the determination of ene-dimensional swell or settlernent
potential of cohesive soils is covered by Test Method D 4346

11.2 Place the consolidometer in the loading device and
apply a seating pressure of 5 kPa (100 1bf/fi?). Immediately
after application of the seating load, adjust the deformation

indicator and record the initial zero reading, . If necessary,
add additional load to keep the specimen from swelling.
Conversely, if it is anticipated that a load of 5 kPa (10X
Ibf/ft?) will cause significant consolidation of the specimen,
reduce the seating pressure to 2 or 3 kPa (about 50 Ibfi?) or
less.

11.3 If the test js performed on an intact specimen that
was either saturated under field conditions or obfained below
the water table, inundate shortly after application of the
seating load. As inundation and specimen wefting occur,
increase the load as required to prevent swelling. Record the
load required to prevent swelling and the resulting deforma-
tiom reading. If specimen inundation is to be delayed to
simulate specific conditions, then inundation rmust eccur at a
pressure that is sufficiently large to prevent swell. In such
cases, apply the required load and inundate the specimen.
Take time deformation readings during the inundation
period as specified in 11.5. In such cases, note i the test
report the pressure at inundation and the resulting changes
in height.

11.4 The specimen is to be subjected to increments of
constant total stress. The duration of each increment shall
conform 1o guidelines specified in 11.5, The specific loading
schedule will depend on the purpose of the test, but should
conform to the following guidelines. If the slope and shape of
a virgin compression curve or determination of the
preconsolidation pressure is required, the final pressure shall
be equal to or greater than four times the preconsolidation
pressure. In the case of overconsolidated clays, a better
evaluation of recompression parameters may be obtained by
imposing an unload-reload cycle after the preconsolidation
pressure has been defined. Details regarding location and
extent of an unload-reload cycle is the option of the agency
requesting the test (see 1.3), however, unloading shall always
span at least two decrements of pressure.

11.4.1 The standard loading schedule shall consist of a
load increment ratio (LIR) of one which is obtained by
doubling the pressure on the soil to obtain values of
approximately 12, 25, 50, 100, 200, etc. kIPa (250, 500, 1GOX,
2000, 4000, etc. 1bf/fi?).

11.4.2 The standard rebound or unloading schedule
should be selected by halving the pressure on the soil (that is,
nse the sarme increments of 11.4.1, but in reverse order).
However, if desired, each successive load can be only
one-fourth as large as the preceding load, that 15, skip a
decrement.

11.4.% An alternative loading. unloading, or reloading
schedule may be employed that reproduces the construction
stress changes or abtains better definition of some part of the
stress deformation (compression) curve, ar aids in inler-
preting the field behavior of the soil.

NOTE 13-—Small increments may be desirable on highly compress-
ible specimens or when it is desirable to determine the preconschidation
pressure with more precision. [t should be cantioned, however, that load
increment ratios less than 0.7 and load increments very close to the
preconsolidation pressure may preclude eval uation for the coefficient of
consolidation, ¢,, and the end-of-primary consalidation as discussed in
Section 12,
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1.5 Before each pressure increment is applied, record the
height or change in height, de, of the specimen. Twa
alternative procedures are available that specify the time
sequence of readings and the required minimum load
duration. Longer durations are often required during specific
load increments to define the slope of the charactenstic
straight line secondary comopressicn portion of the deforma-
tion versus Icng.()f“tirrre:g;rzppnhL.]Fiji':fuu:ll.irucmw:xllennnns,:stlfficﬁx:rlt
readings should be taken near the end of the pressure
increment to define this straight line portion. It is not
necessary to increase the duration of other pressure incre.
ments during the test, oo,

LL5.8 Test Method A-—--The standard load increment
duration shall be 24 h. For at least two load increments,
including at least one load increment after the
preconsolidation pressure has been exceeded, record the
height or change in height, d, at time intervals of approxi-
mately 0.1, 0.25,0.5, 1,2, 4, 8, 15 and 3I0min, and 1,2, 4,8
and 24 h {or 0.09, 0.25, 0.49, 1, 4, 9 min etc. in using 12.3.2
to present time-deformation data), measured from the time
of each incremental pressure application. Take suffficient
readings near the end of the pressure increment period to
verify that primary comsolidation is corpleted. For some
soils, a period of more than 24 h may be requirad to reach
the end-of-primary consclidation (as determined in 12.3.1.1
or 12.3.2.3). In such cases, load incrernent durations greater
than 24 b are required. The load increment duration for
these tests is wsually taken at some mnzltiple of 24 h and

should be the standard duration for all load increments of

the test. The decision to use a time interval greater than 24 h
is usually based on expericnce with particular types of soils.
If, however, there is a question as to whether a 24 h period is
adequate, a record of height or change in height with time
should be made for the initial load increments in order to
verify the adequacy of a 24 h_period. Load increment
durations other than 24 h shall be noted in the report. For
Jpnncsu:HUhe:iJ](:renaax:rrLS-\ndhu:rt:'tir[:e:‘vt:rsmlsu1icxﬁtnr[tuaﬁﬁh3ua.tizrtat:axt:
not reqitired, leave the load on the specimen for the same
length of time as when tilllf:‘Ut:r&nJ:;njk:ftnrrrxanﬂhaqa.lnsszbtnugs;ztrt:
taken,

11.5.2 Test Method B-—--For each increment, record the
height or change in height, @, at time intervals of approxi-
mately 0.1,0.25,0.5, 1,2, 4,8, 15, 30 o, and 1, 2, 4, 8 and
24—h.0JrCL09,EL25,{L49,JL-4m951min,cﬂc.ﬂ’usimg 1232 t0
present time deformation data), measured from the time of
each incremental pressure application. The standard load
increment duration shall exceed the time required for
completion of primary consolidation as determined by
12.3.1.1, 12.3.2.3 or a criterion set by the requesting agency.
]FIJI'e=a<:tniha£:rtnuumztlt'vvllenne:ii.is:i111;)c>ssdlnle:InJ-\neminﬁy'tlleznar1cl':dT
primary consolidation (for example, low LIR or rapid
consolidation), the load increment duration shall be constant
and exceed the time required for primary consolidation of an
increment applied after the preconsolidation pressure and
along the virgin compression curve., Where secondary com-
pression roust be evaluated, apply pressures for longer
periods. The report shall contain the load increment dura-
tion for each increment.

212

Note !4—The suggested time indervals for recording b
change in height are for typical soils and load increments, It &
desirable to change the reading frequency to improve in* ety
the data. More rapid consolidation will require more fiv e
]Fkﬂr:nu(msl:sn&ls,]puitruar)rn:cunscﬂi(hitiallwdhlrinq;'ﬂht:lﬁxiu:lcu.--«iix:n
will be complete in less time (typically one-tenth) than wo
sequired for a Toad increment along the wvirgin compression
however, at very low stresses the rebound Hme can be longer.

1.6 To minimize swell during disassembly, reboun
specimen back to the seating load (5 kPa). Once }
changes have ceased (usually overnight), dismantle ¢q
after releasing the final small load on the specimen. Rey
the specimen and the ring from the consolidometer and
any {ree water from the ring and specimen. Petermin
mass of the specimen in the ring and subtract the tare
of the ring 1o obtain the final wet specimen mass, Jlaﬁ,}.
most accurate determination of the specimen dry miass
water content is found by drying the entire specimen a
end of the test. IT the soil samaple i homogeneous
sufficient trimmings are available for the specified |
ksﬁmg&m&QJJthmncmkmudmsﬂnH%mﬂvummnxmmmn
in accordance with Method D 2216 and diy mass of sc
M, using the entire specimen. If the soil is heterogeneo
more material is required for the specified index testing,
determine the final water content, w , in accordance -
Method I 2216 using a small wedge shaped section of
specimen. The remaining undried materia} shouid be
for the specified index testing.

12. Calculation ) _

12.1 Calculations as shown are based on the use o
units, Other units are permissible, provided the : "
conversion factors are used to majntain consisten. . a
throughout the calculations. Sce 1.4.1 for additional ¢
ments on the use of inch-pound units.

12.2 Specimen Properties:

12.2.1 Obtain the dry mass of the total spectmen, My,
direct measurement or for the case where part of
specimen is used for index testing, calculate the dry mas
fotlows:

M, ==.--f¥!!l;_
1 -+'145;
where:
,ﬂdrj}_ = moist mass of lotal specimen after test, g or Mg, a
Wy, = water content (decimal form) wedge of specim

taken after test.
12.2.2 Calculate the initial and final water content,
percent, as follows:

. Wy — M,
initial water content: w, = = X 100

4 44

, My~ M
final water content: vg,===----lf~—————1f:>: 100
f;

where:
M, =dry mass of specimen, g or Mg, and
My = moist mass of specimen before test, g or Mg,

12.2.3 Calculate the initial dry density of the specimen
follows:

M
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FiG. 2 Time-Deformation Curve From Log of Time Method

where:

pa = dry density of 4pn’c1nnnu=x1 g/cm?® or Mg/m?, and

¥, = initial volume of specimen, cm? or m*.
leA-Lakmmnethe(hylnnt»wuyﬂmmfﬂx:mxxhnamew

follows:
=z 9.8 X pry in kKN/m?
vy = 62,43 X p,, in b/
12.2.5 Compute the volume of solids as follows:

where:
G = specific gravity of the solids, and
p. = density of water, 1.0 g/cm?® or Mg/m’

2.2.6 Since the cross-sectional area of the specimen is
constant throeghout the test, it is convenient for subseguent
calculations to introduce the term

solids,” defined as follows:

where;
A = specimen area. cm? or m?
pecimen area, cm? or m®.
12.2.7 Calculate void ratio before and after test as follows:

“equivalent height of

void ratio before test: e, = --ﬂ—,:-ﬁ-l?
ijr.'i
y I
void ratio after test: ¢p= Hp- By
H,
where:
H, = initial specimen height, cm or m, and

JFI, - final specimen height, ¢m or m.
2.2.8 Calculate the depree of saturation

l)c:ﬂcnrerzxracl afier 1est as follows:

in percent

initial degree of saturation: S =

My~ M
i 100
Ap (Hy~ H)

12.3 Time-Deformation  Properties—From those incre-
ments of load where time-deformation readings are obtained

final degree of saturation: 8=

two alternative procedures (see 12.3.1 or 12.3.2) are provided
to present the data, determine the end-of-primary consolida-
tion and compute the rate of consolidation, Alternatively,
the requesting agency may specify a method of its choice and
still be in conformance with this test method. The deforma-
tion readings may be presented as measured deformation,
deformation corrected for apparatus compressibility or con-
verted to strain (see 12.4)

12.3.1 Referring to Fig. 2, plot the deformation readings,
d, versus the log of time (normally in minutes) for each
increment of load.

12.3.1.1 First draw a straight line through the points
representing the final readings which exhibit a straight line
trend and counstant slope (C). Draw a second straight line
tangent to the steepest part of the deformation-log time curve
(D). The intersection represents the ﬁhﬂli):]]]:fticxch,.cf,ﬁ!,,.aunxj
time, !4, comresponding 1o 100 % primary consolidation
(E). Compression in excess of the above estimated 100 %
mmmwummmmmnlmﬁmd&ﬂmmchmmmnmm

12.3.1.2 Find the deformation representing 0 % primary

consolidation by selecting any two points that have a time
ratio of 1 to 4. The deformation at the larger of the two times
should be greater than ¥, but less than 2 of the total
deformation for the load increment. The deformation corre-
qnnmnguoﬂlolnmmnfcmmdthnlm.amm.m'Wm
deformation at the smaller time, less the difference in
deformation for the two selected times.

12.3.1.3 The deformation, d, corresponding to 50 %
InﬁnanhanmoumnknrkPqumuotheAWWdy:mﬁh&ckhnnnb
tions corresponding to the 0 and 100 % deformations. The
time, I54, required for 50 % consolidation may be found
graphically from the deforrnation-log time curve by ob-
serving the time that corresponds to 50 % of the primary
consolidation on the curve

12.3.2 Referring to Fig. 3, plot the deformation readings,
d, versus the square root of time (normally in roinutes) for
each increment of load.

w
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FIG. 3 Time-Deformation Curve From Square Root of Time
Method

12.3.2.1 First draw a straight line through the points
representing the initial readings that exkibit a straight line
trend. Extrapolate the line back to ¢ = 0 and obtain the
deformation’ ordinate representing 0 % primary consolida-
thom, .

12.3.2.2 Draw a second straight line through the 0 %
ordinate so that the abscissa of this line is 1.15 times the
abscissa of the first straight line through the data. The
mtersection of this second line with the deformation-square
root of time curve is the deformation, dog, and time, £,
corresponding to 90 % primary consolidation.

12.3.2.3 The deformation at 100 % consolidation is Y
more than the difference in deformation between 0 and 90 %
txmaﬁkmmnhIheﬁmanfmimmytmnwﬂmnkm,h“hmmy
be taken at the intersection of the deformation-square root of
time curve and this deformation ordinate. The deformation,
dsp, corresponding to 50 % consolidation s equal o the
deformation at % of the difference between 0 and 90 %
consolidation,

12.3.3 Compute the coefficient of consolidation for each
tncrement of load using the following equation and vatues
appropriate 10 the chosen method of interpretation

It ad 374
C - THp,
"
t
where
T = a dimensionless time factor:

for method 12.3.1 nse 50 % consolidation with T
== :r:',o ={.1 97',.

for method 12.3.2 use 90 % consolidation with T
= Too = 0.848,

1 = time corresponding 1o
consolidation, s or min;
for method 12.3.1 use ¢ = L5,
mnmﬂmjmjﬂumtmhmmm
Hp,, = length of the drainage path at 50 % cuau]:uadx\,cnnun;
€I or m y
ii}l’(jt)lltihs-;ﬁhjkbt||ﬁhtadJ]£lg33 15{[,“,jh;.tuall'tllfz:s;mcx:hnlei
height at the appropriate increment and for o,
sided drainage Hy,, is the full specimen height,

the particular degree ol

124 Load-Deformation Properties: .
12.4.1 Tabulate the deformation or change in deforg,
tion, 4, readings corresponding to the end of each incry
rment and, if using Test Method B, corresponding to T
end-of-primary consolidation, d,,,,. .
12.4.2 Calculate the change in height, AH = o - q,
relative 1o the initial specimen height for each reading. |j
necessary, correct the deformation for the apparatus flex;,
bility by subtracting the calibration value obtained in Sectigy

9 from each reading. %

12.4.3 Represent the deformation results in e of the

following formats. 4
12.4.3.1 Calculate the void ratio as follows:
pmp A
¢ H, . 1
12.4.3.2 Alternatively, calculate the vertical strain, ip 4
percent, as follows; X
. )
€= féf?!:xz 100
Hy
12.4.4 Calculate the vertical siress as follows
P .
o, = — K
A .
where: ‘
P o= applied load in N
o, = veriical stress in kPa, :

v

12.4.5 Referring to Fig. 4, plot the deformation resuits
(void ratio or strain) corresponding o the end of each.
increment and, if using Test Method B, corresponding to the
end-of-primary consolidation versus the logarnithm of th
pressure,

NOTE 15--In some cases, it may be preferable to present the
load-deformation curve in arithmetic scale

12.4.6 Referring to Fig. 4, determine the value of the
preconsolidation pressure using the following procedure.

NOTE 16—Any  other recognized  rmethod  of estirpating
preconsolidation pressure (see references) may also be used, provided
the method is identified in the report,

deEmmmmwmmMMMmmmWMmem
consolidation curve (B).

12.4.6.2 Draw the tangent to the consolidation curve at
this point (), and a horizontal line through the point (I),
tmcnﬂhl131rh511(iij.Inaaaual11::jhnu:rt:aunhnqg valies on the abscissa,

12.4.6.3 Draw the line bisecting the angle between these
lines (E)

12.4.6.4 Extend the tangent to the steep, linear portion of
the consolidation curve (virgin compression branch) (7
upwards to intersection with the bisector line (E). ~

AR302048B
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FIG. 4 Evaluation for Preconsolidation Pressure From

Casagrande Method

pressure (Gi) (abscissa) corresponding to this poitt of inter-
section is the estimated preconsolidation pressure.

" 124.7 Cormplete evaluation often includes consideration
of information not generally available to the laboratory
mmmnnhuummtan.Emr&msnm&m1ﬁnmmawnﬂhmmmmwﬂﬂhc
test is not mandatory. Many recognized methods of evalua-
tion are described in the literature. Some of these are
discussed in the Refs. (1) through (8).7

13. Report

13.1 In addition to project name and location, boring
number, sample number, and depth, report the following
information.

13.1.1 Description and classification of the soll in accor-
dance with Practice [ 2488 or Test Method ID 2487 when
Atterberg limit data are available. Specific gravity of solids,
Atterberg limits and grain size distribution shall also be
feported when available plus the source of such information
lother than measurements obtained on test specimen. Also
Tole occurrence and approximate size of isolated large
Farticles.

13.1.2 Sofl Condition-

13.1.2.1 Average water content of trimmings,

13.1.2.2 Initiai and final water content of specimen,

13.1.2.3 Initial and final dry unit weight of specimen

] ) . L
| The boldface numbers in parentheses refer to a list of references at the end of
€ lext,
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13.1.2.5 Initial and final degree of saturation of specimen,
and
13.1.2.6 Preconsolidation pressure.
13.1.3 Test Procedure: _
13.1.3.1 anamﬁonpnmmmueuwdreMﬁwnMﬁhuang
state whether the specimen was trimmed using a trimming
turntable, trimmed using a cutting shoe, or tested directly in
a ring from a ring lined sampler.
13.1.3.2 l:]cnnijiti()tl-cﬂFIh:sd:[}n;ittlrzil:nnuadsutunre:()r'illtlllchajx:cL
pressure at inundation).
13.1.3.3 Method of testing (A or B).
13.1.3.4 Test Method used to compute coefficient of
consolidation.
13.1.3.5 Listing of loading increments and decrements,
and load increment duration, if differing from 24 h; end of
increment deformation results and, for Test Method B,
end-of-primary deformation results and coefficient of consol-
idation (see Fig. 1).
ﬂ3JLL6‘ﬂﬂckmununxl&mmlﬂm:pnmmmmmwmﬂﬁnwi,hp
cluding special loading sequences,
13.1.4 Graphical Presentations:
13.1.4.1 Graph of deformation versus Jog time (see Fig. 2)
or square root of time (see Fig. 3) for those load increments
where time rate readings were taken.
13.1.4.2 Graph of void ratio versug log of pressure curve
or percent compression versus log of pressure curve (see Fig.
4),
13.1.4.3 In cases where time rate of deformation readings
have been taken for several load mcrements, prepare a graph
of the log of coefficient of consolidation versus average void
ratio or average percent compression for the respective Joad
increments (see Fig. 5). Alternatively, a graph of coefficient
of consolidation or log of coelficient of consolidation versus
log of average pressure may be used. If time rate readings
were obtained for only two load increments, simnply tabulate
the \11]11&2;134’(:,'v<:rs¢15:tllf::a\hcmwagys pressure for the increment,
Note 17—The average pressure between two Joad ncrements s
choser because il is a convenient coordinate for plotting the result.
I;hzlesa:ttn:11abc-cd‘pn)re:;n1:ssuu1:tiissip&rnknrlis measured, it 18 not possible
uukknnﬁmﬂmwmmﬂeﬂﬁMM:muwmtaumeﬁmcofﬂﬂﬁcmnmmm-
tmmJﬁummmum;mnmnummamYnmynﬁxhnmmvathwiﬁﬁmm
been carried through one or more intermediate load-rebound cycles,
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4. Precision and Bias

14.1 Statement of Precision—Due to the nature of the soil
materials tested by this test method it is either not feasible or
too costly at this tirne to produce multiple speciozens which
have uniform physical properties. Any variation observed in
the data is just as likely to be due to specimen variation as to
operator or laboratory testing variation. Subcommittee
Di8.05 welcomes proposals that would allow for develop-
ment of a valid precision statement.

14.2 Staterment ¢f Bias—There is no acceptable refere
value for this test method, therefore, bias cannot be de
mined.

15. Keywords

15.1 compressibility; compression curves; consolidat
consohidation cocfficient: consolidation test; consolidoms
preconsolidation pressure; primary consolidation; reboy
secondary compression; settlement; swelling
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SUMMARY OF CHANGES

This section identifies the principal changes to this test method that have been incorporated

since the last issue.

(1) Practice D 3740 has been added to the Section 2 on
Referenced Documents.

Tha American Socioty for Tesling and Materials taies no position respecting the validity of any patent rights assanod in connedction

(2) A new Note 3 was inserted to Reference D 3r7u4<);5
all subsequent notes have been renumbered

with amy hem mentioned in this standand. Users of this standsrd are expressly advised that determination of the vaikdity off sty such
patert rights, and the risk of infringement of such rights, are emtirely thelr own responsitility.

This stancfard ks subjsct 1o revision at eny tme by the responsible lechnical committee and must be reviewed wvary five yoars anef
i not rendsend, edthew respprovedd or withdrénvr!, Your comments are invited either for rewision off this standard o Ror axdclitional stamdarcls
and should be addressed to ASTM Heaciquarters. Your comynents will receive carafisl considieration at & maeting of the responsiie
technicsl commition, which you may attend, B you fest that your comments have not received a fair hoaring you shoud make your
views kmown to the ASTM Commitee on Standearcle, 100 Barr Harbor Driva, West Conshohocken, PA 19428,
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Table 1. Field equipment for groundwater sampling

General Equipment

Field vehicle

Clipboard

Camera with time/date patch

Cofor shde film

First-aid kit

Sampling and analysis plan

Site-specific health and safety plan

Health & safety equipment listed in H&S plan
Sample tags and Sharpie pens

Logbook, indelible ink pens

Field Data Forms

Chain-of-custody/Sample analysis request forms
Shipping forms and labels

Chain-of-custody seals

Cellular phone

Rubber boots

Tool kit

Decontamination Equipment

Plastic tubs or coolers

Ten 10-gallon garbage bags

Nitrile gloves

Butyl rubber gloves

Beaker brush

E2ristle brush

Waler carboys

Deionized water from analytical laboratory
Tap water

Acetone

Hexane

10 percent nitric acid

Liguinox

Plastic squirt bottles

Aluminurmn foil or untreated butcher paper

Migcellaneous Equipment

Sample packaging rmaterials/bubblie wrap
Cellophane tapea to cover sample tags
Strapping tape

Dhict tape (2 rolls)

Fragile [abels (if needed)

Rain gear

Utility knife

Paper towels

Sampling Equipment

Water-level indicator

Teflon ballers (with small and large

discharge tubes)

Stainless steel micro-bailer

Mylen cord

Sample bottles

5 Plastic beakers

2 pH/mV meters, 2 pH electrodes

2 bottles electrode filling solution

pH 4.0, 7.0, and 10 calibration butters
(2 bottles of each buffer)

Specific conductance meter

1,000 and 10,000 uMHQS/cmn standards
{2 each)

Squirt bottle

Peristaltic pump with battery clips

Bennett submersible pump

Teflon-lined bladder pump

Portable generator {11Q0V/220V)

2 plastic buckets, calibrated in 1-L.
increments.

0.45-ym filters

Teflon-lined tubing (1/4 in. 1D, 3/8 in. thick)

Teflon-lined tubing (1/2 in. 1D, 5/8 in. thick)

Black polyethylene tubing

Batteries for meters

Kimwipes

25 it of silicone tubing

Tape measure (25-ft metal)

50 quart-size Ziptoc bags

20 gallon-size Ziploc bags

Ice chest ice or freezable cold packs

Latex gloves

Nitrile gloves

Parafilm

Pliers

Scrawdrivers (regular and phitlips head)

Turbidity meter (NTU}

Flow-through cell

Dissolved cxygen meter

EMF probe

ZoBell's solution

DR 100

Ferrover iron AccuVacs

Ferrous iron AccuVacs

T-valve

Hose barbs

Wrist watch or stop watch

AR302052
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Table 2. Field equipment for solids sampling

General Equigment

Field vehicle

Clipboard

Camera with time/date patch

Color slide film

First-aid kit

Sampling and analysis plan
Site-specific health and safety plan

Health & safety equipment listed in H&S plan
Sample tags and Sharpie pens

Logbook, indelible ink pens
Chain-of-custody/Sample analysis request forms
Borehole logging forms
Shipping forms and labels
Chain-of-custody seals

Cellular phone

Rubber boots

Tool kit

Decontamination Equipment

Plastic tubs or coclers

Ten 10-gallon garbage bags

Nitrile gloves

Butyl ruibber gloves

Beaker brush

Bristle brush

Waler carboys

Cieionized water from analytical laboratory
Tap water

Methare

10 percent nitric acid

Ligquinox

Plastic squirt bottles

Aluminum fail or untreated butcher paper

Miscellaneous Equipment

Sample packaging materials/bubble wrap
Celiophane tape to cover sample tags
Strapping tee

Cuct tape (2 rolls)

Rain gear

Utility knife

10-ft. metal tape measure

Paper towels

Sampling Equipment —
50 gallon-size Ziploc bags

9 3.5-gallon HCOPE buckets with Q-ring lids
[ce chest ice or freezable cold packs

Latex gloves

Nitrile gloves

Paratilm

Tefton Tape

Pliers
Screwdrivers (regular and phillips heazil)
Stainless Steel Spoons

PID

2 in. diameter split core samplers (18 or 24
in. fong)

3-in. diameter Shelby tubes (24 in. long)
2-in. diameter plastic end caps

3-in. diameter plastic end caps

2-in. diameter stainless stesl core sleaves
Earth Colors scil color chart

Sample bottles

Encaore samplers

Sodium bisulfide preservative

AR302053

]-. A \j I f. |I|. ‘h, Y
Wbewitdar 1 \data \groups \productions\ 8600220002 040 L nAlsolf
fiald equip list . doc



Attachment A-S

Exponent Standard Operating
Procedures

ARBUEOSM




STAN

M

EASL

This SOP presents

=DURE

TING PROC

DARD QF

=NT OF WATER
WELL CASING VOLUME
SOP 19

casing volume.

EQUIPMENT REQUIRED

Elecironic water level indicator
Dastilled or deionized water

Spare batteries.

FIELD PROCEDURES

I. Rinse water level indicator probe and cable with distilled or deionized
waltcr.

2. Holding cable reel atop casing, lower indicator probe gradually into
well until tone and/or light indicates contact with water surface.

3. Grasp cable exactly at the measuring point marked at the top of the
well casing with thumb and index finger. Pull cable out of well slowly
to read measurerment.

4, Record measured depth to water surface to the nearest .01 ft asg
indicated on graduated cable.

5. Withdraw cable several feet then lower and repeat Steps 2-4. If
readings differ by more than 0.2 ft, repeat until readings stahilize.

6. Remove cable and probe from well and rise with distilled or deionized
water.

ﬂpﬁﬂﬁorq
September 1928, rev 05/00 19-1 Wbculer Hdatalprojects\a20 TonProyalirasconse (o aoa
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LEVEL ELEVATION AND

the method to be used to measure water level elevation and well



MAINTENANCE

1. Carry spare batteries for the electronic water level indicator at all

times. Weekly during a sample run, check the circuitry of the
¢lectronic water level indicator in the field laboratory by assembling
the apparatus and dipping the end of the probe into a beaker of water.
2. Clean the probe at the end of each day of sampling by rinsing with tap
water and wiping dry with paper towels. In addition, clean probe and
cable between wells.
CALCULATIONS
Absclute water level elevation (feet MSL)
= Elevation of top of well casing (surveyed) - average depth to warer (from
top of well casing reference point)
Volume of water contained in casing (gallons)
= (Diameter of well casing [:in];"fZi)2 « 0217 x (depth to bottom of well {ft] -
depth to water [fr]) x 7.48
Refer to well construction specifications for depth to bottom of well. ;

September 1998, rav 06/00 19-2 Lhouider T\data\projecis\a2(_front royafiresponsa ic epa
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STANDARD OPERATING PROCEDURE

T OF FIELD PARAMETERS USING A
FLOW-TH IFiI'I.IDlLI' GiH CELL
. SOP 56

IIIIIIIIIIIIIIIIIIlIIIIllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIlIIIIIIllIIIIIIIIIIlIIIIIIIIlIIIIllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIlIIIIIIIlII

MEASUREMIE

This SOP details the procedures for using a flow-through cell for measuring pH, EMF,
dissolved oxygen, conductivity, and temperature in the field.

REQUIRED EQUIPMENT

Flow-through cell

Flow-through cell repair kit and extra gaskets of multiple sizes

Tygon® or similar plastic tubing

Peristaltic pump (or other pump capable of pumping a constant, relatively low flow rate)

Silicone tubing for the peristaltic pump discharge

Hose barbs and hose clamps to connect the plastic tubing to the silicone tubing

pH meter and electrode

EMF (mV) meter and electrode

Dissolved oxygen/temperature meter and electrode

Extra dissolved oxygen probe membrane and filling solution

Specific conductance/temperature meter and electrode

Commercial pH buffers (4, 7, and 10)

ZoBell’s solution

Conductivity standard

Electrode filling solution (for an Ag/AgCl electrode)

Platinum electrode polishing paper

Kimwipes®

Chart with saturated-air dissolved oxygen concentrations at various temperatures for the
elevation of the wells to be sampled

Detonized water

September 1396 56- F:lefocsizoos|sop- 56, doc



CALIBRATION AND CARE OF METERS AND ELECTRODES

it
Inspect the pH electrode to ensure that it is filled with electrode filling soluticn. The pH
meter should be calibrated using two pH buffers that bracket the expected pH of the sam-
ple. Follow the manufacturer’s instructions for meter calibration. When not in use, the
pH electrode should be stored in electrode storage solution. If this is not available, pH 7 i
e buffer solution is acceptable. At no time should the electrode be allowed to dry out.
EMF

Inspect the EMF (mV) probe to ensure that it is filled with electrode filling solution.
Rinse the electrode with deionized water and biot dry. Immerse the electrode in ZoBell's
-~ solution, and wait for the meter to stabilize. The EMF should be between approximately
206-and 250 mV. Record the EMF in the field logbook. Measure the temperature of the
ZoBell’s solution (the conductivity meter may be used to measure temperature), and rec-
ord the temperature in the field logbook. o

If the EMF reading is outside the specified range (200-250 mV), clean the electrode by
the following procedure. Eject the filling solution from the electrode by pushing the epoxy

--case toward the top of the electrode; the filling solution wili come out the bottom. Rinse
the electrode at least twice by filling it and then ejecting the solution. Refill the electrode
with filling solution.- Rinse the outsicle of the electrode with deionized water, and measure
the EMF of the ZoBell’s solution again. If the electrode response is still out of the speci-
fied range, carefully clean the platinum disk on the bottom of the electrode with a Kim-
wipe® or with polishing paper that is provided with the electrode. When the electrode is
being transported and stored, the platinum disk should be protected to prevent scratching,

Conductivity

To calibrate the conductivity meter, rinse the probe with conductivity standard, then
immerse the probe in the conductivity standard. Measure the temperature and the con-
ductivity of the standard. Record these measurements in the field logbook, along with the
expected conductivity of the standard. -

Dissolved Oxygen

Inspect the dissolved oxygen probe for integrity. The membrane should be intact and
“unwrinkled and no air bubbles should be present beneath the membrane. If the membrane
integrity has been compromised, replace the membrane following manufacturer’s instruc-

i wdocs\sapsuunn-55. doc
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tions. When replacing the membrane, it is imperative that no air bubbles are trapped
beneath the membrane. Different brands of dissolved oxygen meters are calibrated using
different procedures. Refer to the manufacturer’s instructions for the specific dissolved
oxygen meter being used. Check the calibration by measuring dissolved oxygen in water-
saturated air and comparing the measured value against the saturated-air chart for the ele-
vation of the wells to be sampled. The dissolved oxygen probe should be stored in the
calibration sleeve, which should always be kept moist. If the calibration sleeve is not
available, the probe should be wrapped in a damp paper towel. At no time should the
membrane be allowed to dry out.

MEASUREMENT OF FIELD PARAMETERS

1. The well from which samples are taken should be purged (three casing
volumes) before measuring field parameters.

2. Calibrate the meters at each well (the dissolved oxygen probe usually
only needs to be calibrated once per day), as described above.

3. Insert the probes into the flow-through cell. The gaskets should fit
tightly around the probes, and any flow-through cell openings that do
not contain a probe should be sealed with a plastic disc. The inflow of
the flow-through cell (the flow goes from bottom to top) should be
directed so that it passes directly over the dissolved oxygen probe. If
the inflow is not directed properly, a piece of Tygon® tubing and a wire
(a paper clip will work) can be used to direct the flow. Insert the wire
into the tubing, and insert the tubing into the inflow opening at the
bottom of the flow-through cell. Bend the wire to direct the flow.

4. Connect the outflow from the pump to the bottom of the flow-through
cell. Pump water into the flow-through cell until the flow begins exit-
ing through the top. Loosen the fittings around the probes, and bleed
all air bubbles out of the flow-through cell.

5. Record the pH, EMF, dissolved oxygen, conductivity, and temperature
in the field logbook about every 5 minutes until the readings stabilize.

Cihcslsopsinop-5E. dog
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STANDARD OPERATING PROCEDURE

IRON SPECIATION IN GROUNDWATER
SOP 61

FIELD SAMPLING AND ANALYSIS

1. Collect the groundwater sample using a peristaltic pump, passing the
flow through an inline, 0.45-ym filter and depositing the sample
directly into a 300-mL glass beaker.

2. Allow the beaker to overflow twice its volume to avoid oxygenation of
the sample.

3. Collect the sample from the bottom of the beaker directly into a
HACH Accuvac® vial for both Fe*? and total iron analyses.

4. Zero the HACH DR100® spectrophotometer using groundwater col-
lected from the glass beaker.

5. Calibrate the HACH DR100® spectrophotometer by preparing and
analyzing standards at 1, 3, and 5 mg/L Fe*, in accordance with the
manufacturer’s operating instructions.

6. Analyze the sample for Fe'? and total iron, and record the measure-
ments in the field notebook.

QUALITY ASSURANCE AND QUALITY CONTROL

Quality assurance and quality control samples will consist of duplicates and blanks, both
collected at a frequency of 1 for every 20 samples.

March 1995 6 1 - ‘I c:lwindows ternpisop 61 .0oc
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Note: SOP 19 cited within,

STANDARD OPERATING PROCEDURE

FIELD DETERMINATION OF TRANSMISSIVITY AND
HYDRAULIC CONDUCTIVITY USING A SINGILIE
WELL/PIEZOMETER OR MULTIPLE WELLS ANID -
CONSTANT PUMPING RATE
SOP 36

This test procedure is used to estimate the transmissivity of materials surrounding the
screen of a monitoring well or piezometer. The hydraulic conductivity of the material can
be calculated if the length of the open interval is known. Testing procedures are provided
for single well test and multiple well tests (test well and observation wells). The test is
performed by pumping the well or piezometer at a constant discharge rate and measuring
changes in the water level in the well or piezometer with time and in observation wells
located radially around the well. After the pump is shut off, the water level recovery is
measured with time in all wells.

APPLICATION

The test method is generally applicable to materials exhibiting moderate to high hydraulic
conductivity (1., from 10 f/day to 100 ft/day), unless well yield exceeds the pump
capacity.

INTERFERENCES

The accuracy of this test for a single well is affected by the degree that the tested well or
piezometer is developed. Tests conducted in poorly developed wells will generally
underestimate the value of hydraulic conductivity.

FIELD PROCEDURE

1. If a data logger is being used, install a decontaminated pressure
transducer and cable 1 ft above the top of the well screen in the test
well and observation wells, as applicable. Ensure that the transducer’s

May 1394 3 G, - ‘“ Flgnesiscgurlsopr 36, doc
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range will cover expected drawdown. If not, raise transducer until
expected drawdown is covered by the pressure transducer's range.

Install decontaminated pumping system in piezometer or well with
intake at least 10 fi below static water level and at least 3 ft above the
top of the well screen. If the water level is below the top of the screen
or within 5 ft of the top of the screen, install the pump near the bottom
of the screen.

Install valve (preferably a gate valve) and flow meter systern. Ensure
that the distance between the flow meter and any bend or constriction
in the discharge line is at least 10 times the diameter of the discharge
line. Ensure that discharge is directed away from the pumped well.

If time allows, determine pumping rate by pumping well beginning at
0.25 gal/minute for 10 minutes, and doubling the discharge rate in steps
every 10 minutes. Measure water levels (see SOP 19) with pumping
and set valve for rate that brings water level within one-half of available
drawdown (static water level minus intake elevation). Otherwise, set
initial rate for 0.1 gal/minute/ft of available drawdown. Record
measurements made with electrical tape on the aquifer test field
measurement form. '

Allow water level to stabilize (+0.02 psi, +0.05 f over I minute) using
pressure transducer or electric water level measuring tape (SOP 19) for
measurements.

Tumn on pump and measure discharge rate and water level changes at
the following intervals:

Time Since Pumping Started Time tntervals
Pumped Well
0-5 minutes 0.5 minutes
5--60 minutes 5 minutes
60-120 minutes 20 minutes
120 minutes-shutdown of the pump 60 minutes
QObservation Welll:s
0-15% minutas 1 minute
15-50 minutes 5 minutes
50-100 minutes 10 minutes
100 minutes-5 hours 30 minutes
5 hours-48 hours &0 minutes
48 hours-6 days 3 times/day
6 days-shutdown of the pump 1 times/day
3G-2 Fi\efos sops sop- 6 doc
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The discharge rate is determined with a stopwatch and a graduated
container. Discontinue pumping at the time indicated in the test plan or
if the water level comes within 1 in. of the pump intake (whichever
comes first).

7. Measure water level recovery at the same time intervals used during the
drawdown phase. Discontinue measurements when water level
recovers 90 percent of the drawdown.

8. Remove pumping system from well and piezometer. Replace well cap
and lock well as applicable.
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Obs. YWell Ma.

Page of
PTI ENVIRONMENTAL SERVICES
AQUIFER TEST.MEASUREMENTS (FIELD)
QOBSERVATION WELL
Project
Pumpetd Well No. Discharge Meas. Method
Elevation of MP MP is and ft above LSD
r o= ft
Water Level Water Level
ft} {ft)
| Belaw | Draw- Below | Draw-
Date | Hour | Held Wet MP down | Remarks | Date| Hour Held Wet MP down | Remarks
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Standard Operating Procedure

Measurement of Turbidity Using a Portable Turbidity Meter
SOP-424

The HF Scientific Turbidity meter model DRT-15CE is a portable unit that is approved
by the U.S. Environmental Protection Agency for measuring the turbidity of potable
water, waste water, and some other liquids. The HF meter provides a linear display of
turbidity throughout all ranges, reporting results in nephelometric turbidity units (NTUSs).

Operating Procecure
The procedure for measuring turbidity is as follows:

1. Clean both the Reference Standard cuvette and the sample cuvette with
a lint-free wipe, such as a K;zi.mwipe@.

2. Turn the turbidity meter switch to the “10” range, and place the
Reference Standard into the optical well.

3. Tum the Reference Standard in the optical well until the reference ring
notch matches the white locator pin. If the reference ring is not on the
Reference Standard, turn the reference standard a full 360° and find
the area with the lowest reading. Place the reference ring over the lid
of the Reference Standard so that the notch will match with the locator
pin.

(10 0]

4. Using the “Reference Adjust” arrows on the meter, adjust the display
until it reads 0.02 NTU. The instrument is now calibrated and ready
for use.

5. To measure turbidity in a sarnple, fill the sample cuvette with sample
to within 2 inch of the top. Screw the cap on the cuvette and carefully
clean the outside of the cell with a lint-free wipe. Place the cuvette
into the optical cell.

6. Select the appropriate range for the sample (i.e., if the sample is
mostly clear, take the measurement at the 0-10 NTU range setting)
and take the reading from the display. If the sample is more turbid
than the instrument setting, an up arrow will appear in the display,
indicating that the operator should change the range to the next higher
NTU range setting (i.e., 10-100 NTU).

Novemiyer 1999 Y
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Novernber 1998
¢ \windovrs demplsop-424 coo

Between samples, the sample cuvette should be rinsed out with
deionized water. However, if the sample contains solutes that
obviously do not wash out of the cuvette, follow Exponent SOP-3A to
decontaminate the cuvette. It is imperative that the operator is carefizl
not to scratch or chip the cuvettes.

424 -
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GROUNDWATER SAMPLE COLLECTION FORM

Station 1dentification

000001

E*ponent
Sheet___of___

{Date Collected

Project Namea

Contract No.

Purge Start Time

Sample Collection Start Time

Location

Weather Conditions

Sampling Personne

(] Baler

Samgple Coflected with:

Made of; L] Stainless Steel

FIELD MEASUREMENTS

{Z] Grundfos Pump

g rve

Signature

[ Perstaltic Pump [ Split Barrel  [] Gther

{7) Teflon {] Other

PURGE DATA
Dapth to Water (Tap of Casing)

Degpith to Bottam of 'Well

Casing Diarneter

One Casing Volume (gal)

Purging Data

Start Tima (Well Volume 1) _

Start Tirne (Well Volume 2)___

Start Tirme (Well Volume 3} _

Time Redquired to Purge 3 Well Volumes;

Description {color, texture, density, turbidity, etc.)

Volume Purged (gal) ___ Turbidity (NTUs) ____

Volume Purged {gal) ___ Turbidity (NTUs) _______

Volume Purged (galy __ Turbidity (NTUs) _____

Total Volume Purged (gal)

FIELD PARAMETER STABILIZATION

Rep Tirne pH

1

{pmhosfemn € 25°C)

0.0
(rmg/Ly

S.C. Turbidity

(NTUs)

Temperature Eh
{°C) {mv)

2

3

Comments

GW SAMPL COLLFQFIL.MT 4195 wiA
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Attachment A-7

Standard Operating
Procedure for Purging and
Sampling Wells
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Introduction

This attachment has been prepared to formalize the methods by which overburden wells,
wellpoints, Geoprobe® and viscose basin wellpoints, and bedrock wells will be purged
and sampled at the Aviex site. When preparing to purge any well or wellpoint, the
sampling team shall consult the appropriate decision tree in this attachment:

o Figure 1: Cverburden wells, wellpoints, and Gf:()pﬁob&:@ and viscose
basin wellpoints

e Figure 2a: Shallow bedrock wells

o Figure 2b: Deep bedrock wells and intermediate bedrock wells with
monitoring intervals less than 30 ft

o Figure 2¢: Intermediate bedrock wells with monitoring intervals

greater than 30 ft.

The sampling team will then follow the appropriate decision process untl it results in
sampling of the well. Table | of this attachment provides the critical information on each
well to be sampled.

)70
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RECORD WATER LLEVEL
Y

Is water level >0.2 R above
lop of screen?

@] }

Is water level »5 ft above mid-poinl
of sereened interval?

Is half the initial saturated
monitoring interval »5 ft87

w%%L'

L:jl

Y
Use bladder pump to  Use peristaltic pump fo Use bladder pump to - Use peristattic pump to
purge wek purge well purge well purge well

|1 | L |

v Y

Start pump at lowest rate Start pump at lowest rate
possible possible

Continuously manitor Continuously maonitor
water l’é\fel water level

\ \

ts drawdown stable at
<0.2ft?

Iy Ll S—

3 <
™! ) Does water I1r=u | stabilize [:h:’ “Jn !E'e!lr.lt ‘Z'
. ap oes water level [ es watsr level stabilize
L,L’ || nse ir1t L. E%Ebﬁ;;’:i;!l IIES\:,( :'I -~ NO ] __________ gt level above 90% of initial J'
above topof 5““"‘"E’i'[r':"tcl’:r':,‘_'f'ﬁ”""'”9 Purgs ;Ill':}il f;atg_lz:irrualers
2rval? are slable

. S
Purge until parameters screen:

e @ =y s

~ «
T - [") || oy 1t 1 ‘\ -‘:‘ o
SAMPLE ) Furge: untit JO Inser Calculate recharge rate and e
e l parameters are adjust purge rate,
stable Purge until Recalculate yolume u;? water
4, parameters are stable in well (Volume1)
P N ¥ - M
.( SAMPLE )] e — — Can three Yolume1 be
S e - SAMPLE \, purgi_ued at the calculated
"""""" (\ i = recharge rate in three
[ e hours?
Insert | - =1
Increase pump rate by  gpm—me—e—— Wi —
increment specified in \ £
Table 1 , ) 1 . ;
Purge 3 Volume1 at Car one Volume1 be
vlr calculated recharge purged at the calculated
Continuously monitor rate ang stabilize recharge rate in three
waler level parametars hours?

; Insert 2 | Insert 1 "_,___1 _____ ]___4llma;II'___J___.{[EE:l _____ Jl’
~ r

g
i drawdown Does water level

st 09 B stabilize atlevel | | e . o
stable al < 0.2 #7 above 90% of initial IDtnq?ea.SIhcmurs;z;ttrna Purge as ruch water as
saturated monitoring calculated recharge rate possible, Then, sample
interval? and stabilize parameters within 24 hours
2 1, JL
e, — . -
'll II' A -, P o
HI - { SAMPLE ) { SAMPLE )
w ol \'--..._ --"/ \‘---. --’/
I5 puenp at maximum purge rate? —| NQ]
R e
§ & |nitial saturated monitoring interval = haight of water in the
‘l l ' screened interval prior to purging.

Figure 1. Decision tree for purging of overburden wells, wellpoints, Geoprobe®,
and viscose basin wellpoints.
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RECORD WATER LEVEL

Install submersible purnp
to middle of monitoring
interval {i.e., middle of
saturated open
borehole)a

v

Start pump at 3-hour rate
(from Table 1)

¥
Continuously rmonitor
water level
.‘,

Will water level
stabilize above top of
monitoring intervial at
the 3-hour purge rate?

NO } !

|

Increase the purge rate

Will water level
stabilize above 90%
of manitoring interval

gradually untif the J||iiﬁiﬁa|" I { NO I
maximum purge rate at oo T ‘l
which the water level can P
be maintained above the o~ Calculate recharge rate
top of the maonitoring o Elrvc|IPEHCHEJ(:LJHEN]E'\l()LLHWFNE:t}f
interval is attained rd water remaining in well
+ Loy e ete
ﬁﬁwuwkvmmwml //’ *qual lo recharge rate.
of T well volume has & l
been purged and \
parameters are stable Can three Volumey
be purged at the
iL calculated recharge —
[ IE’L#rg e a rrinimum rate in three hours?
“SAMPLE of 1 Volumesat e |
¢ 'ff-frff_!:f:.a" calculated recharge -« 1I|HIEHE’|' ! { N
=

rate and until
parameters stabilize

Purge 3 hours al
the calculated
recharge rate and
until stabilize
parameters

r":,
( SAMPLE
S,

P MR

a Saturaled open borehole = height of waler in the open section pricr to purging.
b Mininum sample volume height = height of watar colurmn in well raquired to collect
all of the samples.

=~
-

|

Can one Volume
be purged at the
caleulated recharge
rate in three hours?

[vo]

|

Purge at 3-hour rate
to minimum sample
volume heightb.
Then, sample within
24 hours

]
Yes

Figure 2a. Decision tree for purging of sha

i

-

low bedrock wells.
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RECORD WATER LEVEL

Install submrersible purnp to
middle of monitoring interval
(i.e., middle of saturated open
borehole)ab

¢

Start pumgp at 3-hour rate
{from Table 1)

d

Continuously monitor
water level

v

Will water leval stabilize above: the
peint reprasenting 50% of the
distance between the initial water
level and the top of the moni'h:nr'"m.c;
interval at the G{-hour purge rate”

Will water level

l, |||ma=i|| I I[m:»].-]- stabilize above top [N“}]L

of monitoring L
interval’?
Increase the purge rate
gradually untif the N
L]

. Calculate recharge
maxinium purge rate at

and recalculate vol

rate
ume

which the water level can
be maintained above the
Fount representing 50% of
he distance from the initial
water fevel to the top of
the monitoring interval

¥

Recalculate
remaining vclume _

of water remaining in
well (Volume). Sel
purge rate equal to
recharge rate.

ﬁ

Can three Volume

of water inwell ™
{Volumes)

v

FPurge a minimum

of 1" Volumes and

urtil parameters
are stable

v

"""" .
SAMPLE )

be purged at the
calculated recharge
rate in three hours?

. i [ """""
Purge a minimum of 1 < 4|Iﬂ'.-ai’|'-- '{ NO

Volumes at caloulated 7 T
recharge rate and until
paramelers stabilize 1
Can one Volurne,
N S — ke purged al the
.
SAMPLE ) calculated recharge
______ rate in three hours?

Purge 3 hours at
the calculated -
recharge rate and
stabilize
arameters
parameters Purge at 3-hour rate
* to minimum sample
volume heightc.
Then, sample within
24 hours

a Saturated open borehole = height of water in the open section prior to purging.
For deep wells at which the pump is incapable of purping from the middle of the

monitering interval, the pump shalt be placed as cloze as possible to the top of the o
manitoring interval. (’ S,
C Mininum sample valume height = height of water column in well required to collect M

all of the samples.

AMPLE )

Figure 2b. Decision free for purging of deep hedrock wells an
bedrock wells with monitoring intervals less than 3

d intermediate

10 feet.
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RECORD WATER LEVEL

Install submersible pump
mrmwﬂeofmommﬂn?
interval (i.e., middie o
saturated open
barehole)2

Start pump at 3-hour rate
{from Table 1)

b

Continucusly monitc
water fevel

\

Will water level
stabilize above top of
monitoring interval at
the 3-hour purge rate?

o Will water level

r
increase the purge rate
g;nuauthzall?r|Lu1njl the rmaximum
rge rate at which the water
evel can be maintained above
the top of the rmornitoring
interval.

”
lL /’
o~
o
-

Recalculate
volume of water
remaining in the

well (Volumes)

v

Furge a minimurn
of 1 Volumez and
until parameters
stabilize

------

" slabilize above 90%
of monitoring interval

r
Calculate recharge rate
and recalculate volume
of water remaining in
well {(Valumeq)
!Eiert|:u111?uaer1atfa equal to
recharge rate

Can three Volume,
be purged at the
calculated recharge
raie in three hours?

—- (5,

Furge 3 Volume at
calculated

Can one Volumey
be purged at the

recharge rate and
until parameters
stabilize

_____________ .

calculated recharge
rate in three hours?

a Saturaled open borehole = height of water
in the open section prior to purging

b Wininum sample volume height = height of
water column in well required to collect
all of the samples.

(SAMPLE )

.., -t

Purge 3 hours at
the calculated
recharge rate and
untit parameters

Purge at 3-hour rate
to minimum sample
volume heightb
Then, sample within

stabilize 24 hours
v )
COAMPLE ™ P e,
( :ff_f!"'_]&f:.af’ ((SAMPLE )

...........

-

-

Figure 2c. Decision tree for pul
monitoring intervals

rqging of intermediate bedrock wells with
s greater than 30 feet.
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Attachment A-8

U.S. EPA Bulletin No.
QADO023: Recommended
Procedure for Low-Flow
Purging and Sampling of
Groundwater Monitoring
Wells
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Bulletin No. QADO2: June 16, 1999

COMMENDED PROCEDURE FOR. LOW-FLOW PURGING AND SAMPLING OF
GROUNDWATER MONITORING WELLS

1.0 OBJECTIVE AND APPLICATION

This directive provides a procedure for collection of ground-water samples in small-diameter
wells with short-screened intervals using low-flow purging and sampling. While these
procedures pertain to the Superfund program in Region I, they were based on recommendations
presented in the EPA Ground Water I[ssue paper entitled “Low-Flow (Minimal Drawdown)
Ground-Water Sampling Procedures”. The low-flow purging and sampling method is not
appropriate for use in all hydrogeologic regimes, and particular groundwater monitoring well
designs may make the method unsuitable (e.g. open hole and long screen monitoring wells in
bedrock and stratified sand and clay where the water bearing zoncs have not been characterized).

Therefore, please confer with a Region Il hydrogeologist or geologist before using these
procedures at a site.

2.0 BACKGROUND

Past scientific research (Barcelona et al., 1983; Nielson and Yeates, 1985) and EPA guidance
have discussed sampling devices in terms of their compatibility with contaminants being
sampled, and well construction, depth, and diameter. Although some sampling devices have
been used in order to provide more representative groundwater samples in certain situations,
most of these incorporate high-volume withdrawal techniques (i.e., in excess of the “natural”
recharge rate of groundwater flow through the well screen) for both purging and sampling.

Research conducted by Puls et al. (1992), Puls and Powell (1992), and Powell and Puls (1993)
has shown that high-volume purging and sampling cause significant turbidity and suspended
particulate artifacts that can result in biased-high metals results. Additionally, purging can cause
pressure changes and bailing can cause aeration that can strip VOCs from the sample (Pennino,
1988). The use of low-flow pumping devices (preferably dedicated) for purging and sampling
minimizes both the disturbance of water in well casing and the potential for mobilization of
colloidal material (Barcelona et al., 1994), Low-flow purging with maintenance of water level in
the well and stabilization of indicator parameters (especially turbidity) allows collection of
groundwater sarnples that are more representative of conditions without filtering (UJ.5. EPA,
1993; Backhus et al_, 1993). In many cases, use of a low-flow pump to purge and sample
monitoring wells decreases sampling time, reduces the need to handle large volumes of purge
water and lowers the cost associated with its disposal, and allows collection of samples for

AR302079



inorganic analyses without filtering. This procedure is designed to be used in conjunction with
groundwater sampling and analyses for the most common types of groundwater contaminants
(volatile and semi-volatile organic compounds, pesticides, PCBs and inorganic compounds).

3.0 EQUIPMENT

Adjustable rate, positive displacement pumps (e.g. low flow-rate submersible centrifugal or
bladder pumps constructed of stainless steel or Teflon). Low flow-rate electrical
submersible pumps are recommended because (1) they are not subject to cyclical
flow/arrest and consequent potential for mobilizing fine-grained material, and (2) they
may be less prone to operator error, thereby reducing potential error resulting from
application by different personnel. The pump should be easily adjustable and capable of
operating reliably at lower flow rates. Peristaltic pumps may be used only for inorganic
sample collection. Bailers are inappropriate for use in this procedure.

Tubing: Tubing used in purging and sampling each well must be dedicated to the individual well.
Once properly located, moving the pump in the well should be avoided. Consequently,
the same tubing should be used for purging and sampling. Teflon or Teflon-lined
polyethylene tubing must be used to collect samples for organic analysis. For samples
collected for inorganic analysis, Teflon or Teflon lined polyethylene, PVC, Tygon or
polyethylene tubing may be used.  The tubing wall thickness should be maximized (3/8
to ¥z inch) and the tubing length should be minimized (i.e. do not have excess tubing
outside of the well),

Polyethylene sheeting and sampling gloves.

Water level measuring device, 0.01 feet accuracy, (electronic preferred for tracking water level
drawdown during all pumping operations).

Flow measurement supphies (e.g. graduated cylinder and stop watch).
Interface probe, if needed.

Power source (e.g. generator, located downwind; nitrogen tank, etc). The generator should not
be oversized for the pump.

In-line flow-through cell containing purge criteria parameter monitoring instruments for pH,
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turbidity, specific conductance, temperature, Eh and dissolved oxygen (DO). The in-line
device should be bypassed or disconnected during sample collection.

Photoionization detector (PID), or equivalent.
Nylon stay-ties.

Decontamination supplies.

Logbook(s).
* Sample Bottles. It is recommended that preservatives are added to sample bottles prior to

field activities to reduce potential error or introduction of contaminants.

° Sample preservation supplies (as required by the analytical method; see previous bullet).
] Sample tags or labels, chain of custody.

o Well construction data, location map, field data from last sampling event.

° Approved Field Sampling Plan/QA Project Plan.

4.0 PRELIMINARY SITE ACTIVITIES

1) Check the condition of the monitoring well for damage and evidence of tampering, and record
pertinent observations.

2) In order to maintain a clean work area, lay out a sheet of polyethylene to place sampling and
moenitoring equipment.

3) Remove well cap and measure VOCs at the rim of the well with a P1D or FID instrurnent and
record the reading in the field logbook.

4) If the well casing does not have a reference point (usually a V-cut or indelible mark in the well
casing) make one.

5) Measure and record the depth to water (to 0.01 feet) in all wells to be sampled before any
purging begins. Care should be taken to minimize disturbance to the water column and to any
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particulate attached to the sides or at the bottom of the well. Consequently, in order to avoid
disturbing any accumulated sediment and to prevent mixing of stagnant water with water in the
screened interval, the total depth of a well should be measured well in advance (one to two
weeks) of purging and sampling or after sampling is completed. Obtain depth to bottom of well
information from the well construction log and calculate standing water volume as: depth of
water column times cross-sectional area of the well.

6) For wells where an Light Non-aqueous Phase Liquid (LNAPL) has been detected, a stilling
tube should be inserted into the well prior to purging. Refer to Section 7.2.4 of EPA (1992) for
the procedure to follow. If the wells are constructed so that DNAPLs could accumulate, their
detection and for sampling should cccur, at a minimum, a week before groundwater purging and
sampling. Measurement and sampling of potential DNAPL should be conducted as a separate
event to minimize disturbance of any sediments which have accumulated in the bottom of the
well. A double check valve, bottom loading bailer is recommended for sampling. Light non-
aqueous phase liquid (LNAPL) measurement may be conducted (with an interface probe), with
care o avoid disturbance of the water colurnn within the well.

5.0 PURGING AND SAMPLING PROCEDURES

The following describes the procedure for the low-flow purging and sampling method.
Equipment calibration, logbook documentation, sample bottle filling and preservation, and
shipping will be conducted in accordance with the site-specific Quality Assurance Project Plan
(QAPjP). Personal protective equipment will be donned in accordance with the requirements of
the site-specific Health and Safety Plan. Wells should be sampled in the order of least
contaminated to most contaminated.

1} Attach and secure the polyethylene tubing to the low-flow pump. As the pump is slowly
lowered into the well, secure the safety drop cable, tubing, and electrical lines to each other using
nylon stay-ties.

2) Pump, safety cable, tubing and electrical lines should be lowered slowly into the well to a
depth comresponding to the center of the saturated screen section of the well, or at a location
determined to either be a preferential flow path or zone where contamination is present. The
pump intake should be kept above the bottorn of the well to prevent mobilization of any sediment
or DNAPL present in the bottom of the well. It is recommended that the pump be placed in the
well 12 to (preferably) 48 hours prior to purging/sampling to minimize the effects of turbidity
and mixing in the well from introducing the pump.
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3) Measure the water level again with the pump in the well before starting the purnp. Start the
pump at the lowest rate possible (100 mL/min) while measuring the drawdown continuously.
The pumping can only be increased as long as there 1s no drawdown. Avoid surging. Observe
air bubbles displaced from discharge tube to assess progress of steady pumping until water
arrives at the surface. The purnping rate should cause little or no water level drawdown in the
well (less than 0.2 ft) and the water level should stabilize. Water level measurements should be
made continuously. Precautions should be taken to avoid pump suction loss or air entrainment.
Pumping rates should, if needed, be reduced to the minimum capabilities of the pump 10 avoid
pumping the well dry and ensure stabilization of indicator parameters. If the recharge rate of the
well is very low, purging should be interrupted so as not to cause the drawdown within the well
to advance below the pumnp intake but the operator should attempt to maintain a steady flow rate
with the pump to the extent practicable. In these low-yielding wells, where 100 mL/min exceeds
the entrance rate of groundwater into the well, it is important to aveid dewatering the well screen
interval. In these cases, the pump should remain in place and the water level should be allowed
to recover repeatedly until there is sufficient volurmne in the well to permit collection of samples.
An alternative means of sample collection may be necessary under these conditions.

4) While purging the well, monttoring of in-line water quality indicator parameters should
include turbidity, specific conductance, pH, dissolved oxygen (DO), temperature and redox
potential (Eh) which must be collected every three to five minutes until all of the parameters
have stabilized. Stabilization is achieved when three successive readings are within +0.1 for pH,
+3% for conductivity and temperature, +10mv for redox potential (Eh), and +10% for turbidity
and DO. A minimum subset of these parameters that can be used to deterrnine stabilization
during purging in this procedure are pH, specific conductivity and turbidity or DO. Turbidity and
DO are typically the last parameters to stabilize. If the parameters have stabilized, but the
turbidity is not in the range of 5-10 NTU, then follow step 6.

5) Once stabilization has been documented, VOC and gas sensitive (e.g. Fe™, CHa, H,SHS)
parameter samples should be immediately collected first and directly into pre-preserved sample
containers. All sample containers should be filled by allowing the pump discharge to flow gently
down the inside of the container with minimal turbulence.

Samples requiring pH adjustment should have their pH checked to assure that the proper pH has

been obtained. For VOC samples, this will require that a test sample be collected to determine
the amount of preservative required to be added to the sample containers prior to sampling.

6) If the turbidity measuremnents do not approach the range of that of natural groundwater (10

NTU), both filtered and unfiltered samples should be collected for metals analysis. Filtered
metal samples are to be collected with an in-line filter. A high capacity, in-line 0.45 micron
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particulate filter must be pre-rinsed according to the manufacturer’s recommendations, or with
approximately 1 liter of groundwater following purging and prior to sampling. After the sample
is filtered it must be preserved immediately.

7) As each sample is collected, the sample should be labeled as defined in the QAPJP. All
samples should be placed into a cooler with proper temperature control as outlined in the QAPP.

After collection of the samples, the tubing from the pump should be properly discarded or
dedicated to the well for re-sampling (by hanging the tubing inside the well).

8) Measure and record well total depth.

9} Secure the well (close and lock it up).
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X-Ray Diffraction Analysis

Solid material collected upon filtration of the fluids from the carbon disulfide hydrofysis
studies will be evaluated by x-ray diffraction (XRD) to identify any crystalline
compounds (particularly metal sulfides) that precipitated during the hydrolysis
experiment. Powder XRID analysis will be conducted using a Scintag PAD 5 x-ray
diffractometer at the Department of Geological Sciences, University of Colorado at
Boulder, according to the following procedure,

The sample will be lightly crushed in a clean mortar and pestle. The resultant powder
will be packed into a Lucite sample holder to create a packed powder mount. The
Scintag PAD 5 x-ray diffractorneter houses an x-ray tube with a copper target, and the
rotating goniometer is calibrated against an alpha-quartz standard on a weekly basis.
Diffraction data on the sample will be collected from 2 to 60 °8 at a scanning speed of

1 °6/min. The instrument computer will compare the diffraction pattern collected on the
sarnple against the known powder pattern library maintained by the International Center
for Diffraction Data (ICDD). The scarch-match program can successfully identify up to
seven components in an unknown pattern. The analyst will then provide visual
confirmation of any matches between the sample and potential sample components
identified by the instrument computer. The intensity of the diffraction peaks will be used
to estimate the relative abundance of any mineral phases identified in the sample.

Y L e g
houlder \dataprojectsta2d_from! royaliresponsa fc 2pa A IH ‘3 I] ‘f’ [' (-' []'

ot w M
commants'revised drafturd attachment doc



Attachment A-11

Scope of Work for ERH
Testing
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Scope of Work:
Feasibility Testing for Electrical Resistance Heating

Exponent will obtain representative, relatively undisturbed. |- or 2-inch-diameter, waste
material core samples. Samples will be 12 inches long, sealed d.ﬂld capped in moisture-
proof liners.

Samplss will be collected from three depths at a representative location in cach viscose
basin. Target depths are 4 ft (rniddle of unsaturated zone, high CS; level), 8 ft {bottom of
unsaturated zone, possible capillary fringe zone, high CS; level), and 106 ft (saturated
zone, high CS; level). Actual sample depths will be field determined by Exponent
depending on site conditions.

Exponent will obtain three representative grab samples of water, one from each sample
location, collected from below the water table. Samples will be collected in 1-1. plastic
containers with no preservatives.

Exponent will measure the actual undisturbed shallow groundwater tempcrature (or
determine the annual average air temperature at site ground level}.

Exponent will ship the nine waste and three water samples to AHA™s Calgary lab.

AHA will test nine waste sarnples for static electrical conductivity (EC) at lab
termperature, and one for dynamic electrical conductivity, to determine EC as a function
of temperature.

AHA will test threc water samples for static electrical conductivity at room temperature,
40 °C, and 80 °C.

AHA will test two of the waste samples for static thermal conductivity at room
le,mpe raturg.

If air and/or water permeability, bulk density, and porosity have already been
characterized for the site, Exponent will provide those data. If these parameters have not
been determined, Exponent will obtain six additional waste material core samples from
similar depths, to be tested for these parameters by Exponent.

AHA will perform preliminary modeling of the test area to determine vapor removal
potential, power requirements, appropriate well and electrode spacing, and approximate
time for test-area cleanup. This effort witl provide an initiat evaluation as to whether this
technology is technically feasible and cost effective, and will provide data for system
design.
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Preparation of a Remedial Design Cost Estimate

Exponent will provide site characterization data, including:

»  Map(s), preferably in AutoCAD R 14, showing the areas to be
remediated and the power line(s) adjacent to that area.

» Elevation contours for base of waste, top of waste, and water table.
»  Existing groundwater remediation system (if any).

» Nature and hydraulic conductivity of material underlying waste.

Exponent will locate the desired pilot test aren and indicate its approximate size (e.g.,
30x60 fi).

Exponent wiltl determine the desired remediation time for the entire project (e.g., 3 years).

Om

Exponent will determine the locations of buried underground electric cables, tel:
lines, or metal conductors (&.g., gas or water pipes) in the areas to be remedhated, if any.

Exponent will determine the available power supply parameters as follows:

+« Name of power company, and name and telephone number of contact
person

* Distance from power line to test area
+  Power line voltage and available amperage
s  Service configuration (delta, Y, etc.)
»  Anexample of a current commercial power contract, it available.
Exponent will provide costs for preparing drilling access, dritling 10-inch borings to the

base of the waste for electrode installation, and a rig hourly rate, including crew, for
clectrode installation. Elcctrodes are approximately 25 ft long and weigh 200 1k,

Exponent will indicate the availability of clean water supply for electrode cooling
(approx. 4 gpm for the test area), and options for disposal of cooling water (approx.
200 °F) and dewatering product (probably high CS;). If no onsite water treatment

facilities are available for the pilot test, AHA will add this element to the cost estimate.

AHA will contact the power company to determine the cost of providing power (¢ the test
area.
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AHA will prepare a cost estimate for performing a pilot test in the test area. This
estirnate will include a breakdown of capital equipment (including power supply,
controller, electrodes, electrode cooling system, matrix dewatering, aqueocus-phase
treatment, vacuum system, and vapor-phase treatrnent), installation, and pilot
operations/reporting,

AHA will also prepare a preliminary cost estimate for remediating the entire area in the
desired time. The estimate will be presented in dollars per calendar year ($/c.y.). This
estimate will be subject to modification in light of pilot test results, ongoing
characterization, and ongoing operational expenence.
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Mike Ruby

Exponent

4940 Pearl East Circle, Suite 300
Boulder

C0Q 80301

October 7, 1998

Subject: In-Situ Thermal Desorption by Electrical Resistance Soil Heating
Dear Mike:

in our lOI 1/98 phone conversation you indicaled that Exponent would like to pursue & joint
venture with Applied Hydrology Associates, nc. {(AHA). In this jolnt venture, & pilol section of &
semi-solid, viscose waste pond would be remediated using in-situ thermal desorptmn {15TD) of
carbon disulfide using electrical resistance soil heating (ERSH).

Carbon disulfide has a vapor pressure (297 mm) four times that of benzene, and boils at 116 °F
(47 =C). As a rule of thurb, vapor pressure doubles for each 10 degrees C increase in
temperature. Thersfore, increasing temperature would likely be effective in liberating CS; from
the matrix, depending, of course, on the permeakbility of the viscose waslte. You described it as
having permeability like tight clay. it may be appropriate to apply a vacuum to the pond surface or
to vazor extraction “wells” in the waste.

Because of the hazardous nature of C8,, any heating project should be designed to minimize the
risk of personnel expasure, fire, or explosion,

Before planning any pilot project, it is essential to perform tests on several undisturbed waste
core samples (or in situ) to determine the feasibility of ERSH, These tests include density,
electrica! resistivity, thermal conductivity, and air permeability. Samples should be coflected to the
base of the waste, both above and below the "water table”, to allow variations with depth and
noisture  content to be determined. Delermination of wa‘ter permeability, porosity, and
compressive/tensile strength would also be very useful for design purposes.

AHA s in a slra 'l'E'UhC alliance with McMillan-McGee Canada Corp. {MM), of Calgary, Alberta to
offer ISTD services using ERSH. The president of MM, Bruce McGee, designed the 1STD system
for the Lawrence Livermore Nationat Labaratory (LLNL) demonstration project, which remediated
8OO barrels of gasoline from a sequence of alternaling clays and sands. Bruce is a former student
of Fred Vermeulen (University of Alberta), who pioneered elecirical resistance heating for tar
sands and heavy oils in Canada. Dr. Vermeulen is an advisor to AHA-MM. MM has worked wilh
AHA since QOctober 1897 1o develop and operate an electrical resistance soit remediation
program for the Turtle Bayou Superfund site in Liberty County, Texas, for ARCO Chemical
Company (ACC). MM designed and built the electrodes, power supply, and power control system,

5514 Decker Drive  Baytown, TX 77520 /(281) 424-1468 / Fax (281) 422-4799
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AHA. provided design input at several key stages, including site characterization, SVE system
design, soil parameter tesling, electrode testing, power supply testing, control system testing,
ternperature contro! during operations, and overall heating operations.

Systern design uses TETRAD, a mult-phase 3-D electricity, heat, and vapor flow simulation

model (the model costs about $100,000). The original TETRAD simulates single-phase power

{positive and negative electrodes) only. Dr. McGee has upgraded the mode! to simulate 3-phase
power (three phase electrodes and one or more neutral electrode) which has a slightly different
current distribution.

Electrical resistance soil heating plays an essential part in remediating soil “hot spots™ at the
Turtle Bayou site. The most significant geological features of the site are low-permeability soils
tmﬂcwmﬁeashamwvammmﬂ1%@Ehmummﬂcﬁw(KUuMmmmﬂ=1x%W“M1hﬂW“mmh&ﬂwmum
be taken as an analog of the low-permeability viscose waste at your candidate site. Chernicals
(mainly benzene) have soaked into these clay soils and could gradually leach into the underlying
groundwater. The low clay permeability means that conventional remediation techniques, using
water or soif vapor as a chemical carrier, are not very effective. However, soil heating by electrical
resistance has greatfy enhanced rermediation efforts through the following synergistic effects:

{1) heating significantly increases the vapor pressure of benzene, causing benzene
mass to enter the vapor phase;

(2) soil moisture {which is high in clays) is converled to steam, setting up pressure
gradients which speed vapor migration;

(3) remaval of soil moisture causes the clays to shrink and crack, allowing faster
vapor transport and rermoval.
In conjunction with the existing soil vapar extraction system (about 4 scfm), ERSH resulted in the
areas of the test site where it was applied reaching cleanup criteria in 2-3%2 months, as
demonstrated by soil borings. Without soil heating, it would probably have taken 2-3 years. Soil
heating resulted in considerable cost savings to the project. Average soil temperature was raised
from 71 °F to 116 °F {45 deg F or 25 deg C} in 71 heating days, al an electricity cost of $0.13/deg
C/m*. Soil temperatures measured in the field (see attached figure} corresponded almost exactly

with the TETRAD-predicted termperature distribution.

Soil heating was applied at a depth of 12-17 feet (10-15 feet below the original ground surface)
Excluding one anomalous result (to be re-tested), benzene concentrations reduced by an
average of 95.7% of the original concentration. By depth, benzene reduction was as follows

Depth | Reduction Comments
8-10 ‘ 92.9% 2-4" above electrode
10-12° ‘ 95.7% 2" above eleckrode
12-14" 98.6% tap 2’ of electrode

Benzene reduction is expected to be symmelrical across the eleclrode in synch with the
termperature and current density distribution. Note that heating can be "focused” with ERSH (and
RF heating) whereas direct heating radiates spherically,

To date, contaminated low-permeability media have posed an almost intractable problem for
remediation. The most common approach has been to excavate and replace with clean soils, or
to cap and cantaln within slurry walls. Elecirical resistance soil heating provides an alternative
thatl minirmizes site disruption and ecology, white still effectively safeguarding the public health
and the environment,
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At Turtle Bayou, alternative soil heating technologies were considered and rejected. Hot air,
steam, or hot water injection are impractical due to the low clay permeability. Direct heating {e.g.,
Terratherm) would require a much larger number of heating wells (approximately 6 times more)
and would likely be less economic. Higher temperatures can be achieved with direct heating, but
these temperatures are nol necessary for remediating typical volatile organic cornpounds that are
found at most Superfund sites in the United States. Radio frequency (microwave or RF) heating is
still at a very experimental stage and has licensing and health issues. Electrical resistance soil
‘heating does not have these drawbacks. In addition, it can be focused on specific soil depth
intervals for greater efficiency.

Pacific Northwestern Laboratories (PNL) have patented the six-phase ERSH system, which they
claim provides more even heating. It requires a tairly large (probably expensive) phase-shifling
power supply and twice as much confrol. We use standard three-phase power with weekly
alternating of phase and nettral, which provides a fairly even heating pattern at lower cost.

We do, however, use a sophisticated prograrmable power control system, which was developed
spec ially for the Turlle Bayou project. This system automatically tests for changes in soil
resistance 12 times per second and adjusts the applied voltage to maintain current within power
supply specifications. It provides soft start and soft shutdown (to &void arcing and excess staring
current draw), and can be programmed to control elecirode cooling and adjust power supply Iirniit-‘
to cabinet temperature {most power supplies de-rate at high ambient temperatures). i
controfled by an EPROM, which can be reprogrammed to adjust for site-specific factors (¢= g.,
enthusiastic operators setting the amperage above the capacity of the equipment).

The technique is best when used in combination with soil vapor extraction and surface vapor
treatment (e.g., thermal oxidation), a commonly used (and relatively inexpensive) remediation
technology.

ERSH is not advisable if there are buried metal conductors in the volume to be treated. ERSH
could also affect telecom transmission if applied to material in direct contact with telecom hines.

AHA and MMCC would like to work with Exponent on developing a pilot project for the viscose
waste pond. To preserve some proprietary components of our work, our preference would be to
offer a turnkey bid and operation under Exponent’s overall project management. However, other
arrau'|ge=rm=nts are possible. Please review the information provided and call me at 303-873-0164
(extension 107} if you would like to discuss the project further. | look forward to hearing from you.

Since-rely, }

)p»l/l,t g 4’1”’ ﬂ":: V\\

!arnISra A. IM Thomson

Senior Hydrogeologist

Pariner, Applied Hydrology Associales
Altachment:

Soil Temperature contours at E-17 test area, Turlle Bayou Superfund site (initially 71 °F)
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Free and Bound Carbon Disulfide Testing

As discussed in the Feasibility Study (FS) Work Plan, carbon disulfide may be present in
the waste viscose both as carbon disulfide dissolved in pore water (i.e., “free” carbon
disulfide) or as carbon disulfide bound to cellulose as cellulose xanthate—referred 1o
herein as “bound™ or “potential” carbon disulfide. The free and bound carbon disulfide
testing described here will determine the concentration of carbon disulfide present as
each of these two forms in the waste viscose.

This determination will be made using a three-step sequential extraction procedure. The
first step in the sequential excraction will involve the leaching of 4 g of the sample of
waste viscose in 10 mlL of methanol for 2 minutes, followed by analysis of carbon
disulfide using purge-and-trap (Method 3030B) and GC/MS (Method §2608) methods.
This is the standard approach for determining the concentration of carbon disulfide in
sohid samples. The second step in this procedure will involve particle size reduction of
the 4-g waste viscose sample (from the above analysis) using a small coffee grninder (or
stmilar device), followed by re-extraction in 10 mL of methanol for 2 minutes. This
extract will also be analyzed for CS; concentration by purge and trap (Method 5030A)
and GC/MS (Method 8260B). The third, and final, step in this procedure will involve
solubilizing the 4-g sample in 10 ml. of concentrated sulfuric acid (in a sealed Teflon
bomb) heated to 160°F, and analysis of this extract for CS, concentration using the same
analytical methods as cited above for the first two exiracts.
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Fourier Transform Infrared Spectroscopy Analysis

Before and after the extraction procedure to quantify the amounts of free and bound
carbon disulfide in the waste viscose (See Attachment 11), samples of the pre- and post-
extracted material will be analyzed by Fourier transform infrared spectroscopy (FTIR) to
provide a semi-quantitative analysis of the relative abundance of carbon disulfide bound
to the cellulose matrix (i.e., present as cellulose xanthate). These analyses will be
conducted by R.J. Lee Group, Inc. in Monroeville, Pennsylvania.

Three subsamples of the waste viscose (one from each of viscose basins 9, 10, and 11)
that will be subjected to the free and bound carbon disulfide extraction will be submitted
to R.J. Lee Group for FTIR analysis. Each sample will be sheared in a ceffee grinder,
and the resulting particulate will be mixed with 1 percent potassium bromide and
mounted on three separate slides for analysis. Diffuse reflection spectra will be collected
for each slide mount using a Perkin Elmer 1710 FTIR. The spectroscopist will examine
the spectra for peaks that indicate the presence of cellulose xanthate (i.c., the bond
between dithiocarbonic acid and cellulose), and the carbon-sulfur bond of carbon
disulfide. Comparison of the three analyses for each of the three samples will provide
measure of the heterogeneity of the cellulose xanthate rematning in the waste viscose.
Subsequent to the extraction procedure for removing the bound carbon disulfide from
these three samples of waste viscose, the FTIR analyses will be repeated to determine
whether all of the cellulose xanthate has been degraded.
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Waste Viscose Hydroxide Liberation Tests

These laboratory tests will be performed to quantify the extent to which the viscose
basins represent a source of hydroxide ions to groundwater, as well as the acid
requirernents to neutralize the waste viscose. The first step of the test will be to reduce
the particle size of a 5-g split of each of the samples of waste viscose using a coffes
grinder (or sirmlar device). Delonized (DI) water will then be added to each sample split
until the waste viscose 1s nl a paste consistency. The pH of this slurry will then be
recorded (note: the pH meter will be calibrated according to the procedures presented in
SOP 19; Attachment A-5). The slurry will then be slowly titrated to pH 3 by periodic
addition of sulfuric acid. The slurry will be allowed to equilibrate for 5 minutes
following each addition of acid or until the pH of the slurry has stabilized, whichever is
longer. The pH of the slurry and the volume of acid added will be recorded after each
aliquot of acid solution is added. Following the completion of the titration, the slurry will
be filtered, and the filtrate will be analyzed for Target Analyte List (TAL) inorganics,
chloride, sulfate, and silica using the methods presented in Table A-7 of the FSAF.
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